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ABSTRACT

Author: Jones, Tamecia, Raishaun. PhD
Institution: Purdue University
Degree Received: December 2017
Title: Developing and Testing a K-12 Engineering Epistemic Frame to Uncover
Engineering in the Interactions of a High School Summer Session
Committee Chair: Monica E. Cardella
Educational reform has expanded K-12 standards to include engineering. Not only will K12 teachers have to be trained to teach engineering concepts, but assessments must evolve
to reflect the various aspects of engineering. Engineering as a profession is expressed via
multiple dimensions of an epistemic frame, such as skills, knowledge, identity, values, and
epistemology, but many of these elements are not measured in K-12 formal and informal
spaces. In a summer session of a college preparatory program, a research project revealed
that although students had design journals, storyboards, and traditional assessments, the in
situ video recordings captured decisions, evolution of projects, and rich interactions
between students that were not assessed. This dissertation describes the development of a
K-12 engineering epistemic frame that incorporates local standards, policy outcomes, and
national directives to capture skills, knowledge, identity, values, and epistemologies of
engineering. The project then capitalized on the video data to investigate what kinds of
engineering and design knowledge could be identified and assessed from brainstorm
sessions and studio critiques. It further investigated how Epistemic Network Analysis
(ENA) might reveal aspects of the engineering epistemic frame. Network models were
generated for the class, project groups, and individual students. Over half of the students
displayed all aspects of the engineering epistemic frame, some students displayed many of
the elements of the epistemic frame, and three students exhibited no elements of the
epistemic frame. The engineering epistemic frame was then analyzed to show how it could
complement Next Generation Science Standards. In summary, the engineering epistemic
frame was an effective tool for viewing learning in situ, and brainstorm sessions and studio
critiques are spaces where engineering knowledge occurs.
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CHAPTER 1.

INTRODUCTION

Background of the Problem
The Engineer of 2020: Visions of Engineering in the New Century identifies the
skills necessary for future engineers: strong analytical skills, practical ingenuity, creativity,
communication, business and management, leadership, high ethical standards,
professionalism, dynamism, agility, resilience, flexibility, and lifelong learning(National
Academy of Engineering, 2004). The Engineer of 2020 vision document focused on the
professional engineer, but the next phase of the National Academy of Engineering’s
process included a mandate about education, saying, “The engineering education
establishment should participate in efforts to improve public understanding of engineering
and the technology literacy of the public and efforts to improve math, science, and
engineering education at the K-12 level” (National Research Council, 2005). Lifelong
learning and engineering education cannot begin at the university level, so engineering
education at the K-12 level has emerged at the forefront of reform.
Many states created engineering standards and added them to their science
frameworks and began the movement of engineering standards(Carr, Bennett IV, &
Strobel, 2012; Committee on Standards for K-12 Engineering Education & National
Research Council, 2010; Massachusetts Department of Education, 2013; Massachusetts
Science and Technology/Engineering Standards, 2013)(Massachusetts Department of
Education, December 2013).

Often, engineering is integrated into science courses,

curricula, or standards as an efficient way to offer students exposure to engineering and
deliver engineering instruction. Additionally, research has shown that engineering and
design promote science learning(Linn, diSessa, Pea, & Songer, 1994; Mehalik, Doppelt, &
Schuun, 2008), including science conceptual understanding(Wendell, 2013).
Building on the work done at the individual state level, two national efforts to guide
engineering education in pre-college classrooms emerged: the National Research Council
released A Framework for K-12 Science Education: Practices, Cross-Cutting Concepts,
and Core Ideas (National Research Council, 2012b) and a state-led educator and researcher
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movement to revise science standards resulted in the Next Generation Science Standards
(NGSS Lead States, 2013c). These new standards have a three-dimensional structure that
includes disciplinary core ideas (DCI), scientific and engineering practices, and crosscutting concepts. The eight practices of science and engineering are: asking questions (for
science) and defining problems (for engineering), developing and using models, planning
and carrying out investigations, analyzing and interpreting data, using mathematical
models and computational thinking, constructing explanations (for science) and designing
solutions (for engineering), engaging in argument from evidence, and obtaining,
evaluating, and communicating information (O. Lee, Quinn, & Valdes, 2013; National
Research Council, 2012a; NGSS Lead States, 2013a, 2013d). “The real innovation in the
NGSS is the requirement that students are required to operate at the intersection of practice,
content, and connection”(NGSS Lead States, 2013b, p. 3). This is an ambitious and
optimal goal, and there are many challenges to success. These challenges include, but are
not limited to, teacher preparedness, adequate time and resources, developmentally
appropriate curriculum, and assessment.
Statement of the Problem
Efforts to include engineering in K-12 classrooms have the potential to not only
prepare the engineer of the future to meet the demands of engineering in the future, but
also to change the face of engineering, with respect to who is participating in engineering.
Historically, some groups have been underrepresented in engineering. As we consider the
reasons why some students may not be considering engineering careers or pursuing
engineering as an undergraduate degree, one theory that helps us to understand these
choices is Social Cognitive Career theory.
Social Cognitive Career theory states students’ ideas about what their future career
could be is impacted by their interest, their expected outcomes, and their selfefficacy(Bandura, 1991). Through curricula, clubs, and outreach programs, K-12 students
are being given the opportunity to learn engineering, but recruitment of students to these
programs is potentially impacted by student’s self-efficacy.

If they have not been

successful, they will not have high efficacy or expectations. If they have not been
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successful in traditional classroom spaces, their self-efficacy might well impact their
interest and then their likelihood of seeking opportunities to learn engineering or
participating in informal programs decreases. Perhaps, their success has been too narrowly
defined by the assessments by which they are judged and student epistemological identities
are being affected.
There is potential to make great progress in teaching engineering in K-12
classrooms and preparing students to be college-ready. Yet a major challenge to teaching
engineering in K-12 classes is that engineering operates at an intersection. It is an
intersection of, but not limited to, science and math content knowledge, critical thinking,
creativity, problem-solving, kinesthetic and visuo-spatial skills, design, and often,
construction. If educators are expecting students to operate at such an intersection where
students have to demonstrate layers of understanding and abilities, innovations in
assessments might support these advances in engineering education better than current
assessments. A change in curriculum expectations and pedagogical strategies requires
additional changes in the way assessment of engineering skills and thinking happens.
There are not enough engineering assessments for K-12 students that reflect all of the ways
of knowing that engineers exhibit. An epistemic frame may assess aspects of engineering
that educators and researchers could assess but currently do not.
Current Assessment Landscape
Standardized testing focuses on fewer higher order skills than assessments prior to
No Child Left Behind, when performance assessments declined in development and use
because accountability was connected to test scores (Darling-Hammond, 2014).
“Assessment in STEM-based educational environments has traditionally been based on
exploring the cognitive dimensions of remembering and understanding with little carryover
into application, analysis, evaluation, and creation”(Ernst & Glennie, 2015, p. 27).
However, the new science standards have triggered a response of adapting curriculum and
assessment to be effective at this intersection of disciplinary knowledge and application.
Some revisions have been more revolutionary than others. For example, current largescale state standardized tests do not address the “performance expectations of Next
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Generation Science Standards,” but the NAEP (National Assessment of Educational
Progress) and PISA (the Program for International Student Assessment) assessments have
integrated items and activities that supported demonstration of science practices and
performance (J. W. Pellegrino, 2013, p. 322).
Of course, there are challenges to assessing engineering skills and thinking.
Engineering design is a process and interpretive practice (Kangas, Seitamaa-Hakkarainen,
& Hakkarainen, 2013). Information and decisions go into the conceptualization and
reconceptualization phases of the design process, but this is not often recorded by designers
(Gwizdka, Louie, & Fox, 1996).
A number of current tools record the design in its final form only (Gwizdka et al.,
1996). In industry, there is an expectation that documentation will occur, but quality varies
and it is often a reflective wish that it could have been done better after a successful project
is celebrated. "Individual engineers often consider immediate benefits of documentation
too small to justify the required efforts. Consequently, documentation is treated as a
necessary evil to be done after the fact, once finer points of decisions and rationale have
eroded from memory"(J. Hong, Toye, & Leifer, 1996, p. 28). Designers and engineers
have tangible products or processes at the end of a project that can be qualified as success
based on project goals, but students often have their artifacts assessed to determine what
they know or how much they have learned. Project goals and learning goals are not
synonymous because industry and K-12 classrooms have different contexts. Teachers are
making decisions about student knowledge or understanding often from a final product
(Goncher, Johri, Kothaneth, & Lohani, 2009) and they might require students to reflect or
document their process. Perhaps instead of assessing knowledge, teachers are indirectly
assessing student documentation behaviors or skills. Educators and researchers have not
perfected the process or the tools. "As students attempt to solve problems, they are
expected to engage in written or pictorial record keeping" (Danahy, Hynes, Schneider, &
Downing, 2012) but "they are rarely given the tools to collect portfolio data of their work
in real time" (David Crismond, Morgan Hynes, & Ethan Danahy, 2010, p. 50).
Having tried design rationale capture tools in K-12 classrooms with Robobooks
(Hynes, Crismond, & Danahy, 2010) and Design Compass (Crismond, Hynes, & Danahy,
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2010), researchers know that students have to remember to reflect.

Retrospective

reflections of designers have not proven to be reliable(K. Dorst & Cross, 2001) and
professional designers have challenges externalizing and articulating their knowledge(N.
Cross, 1982). Even when students document, students do not differ much from designers
as Steinert and colleagues note that "asking designers to provide information about their
activity, even when confronted with a very simple input situation, does not produce reliable
information" (Steinert, Nugyen, Currano, & Leifer, 2012, pp. 198-199).
Even when grading products that students submit for projects, there is a subjectivity
to assessment. Are teachers K-12 teachers might assess based on initial or revised design
goals, documentation, group dynamics and teamwork, access to resources, approximations
of success, and/or ability to meet deadlines. They might assess on a group level and every
student member achieves the same grade when there should be differences in student
performance that are unassessed. Additionally, completion of the project is sometimes
considered the achievement without investigating the levels of knowledge associated with
completion. In an earlier investigation, where the goal was to reveal documentation
behaviors of students solving engineering problems and their preferences given different
forms of media, it was observed that unobtrusive media provided information that other
static media forms did not (Jones, Cardella, & Purzer, 2011; Jones, Purzer, & Cardella,
2012). Students were given traditional science journals, paper storyboard templates, digital
cameras, and video cameras to use at their discretion for documenting their thinking and
design ideas over the course of a summer program. For clarification, "at their discretion"
means that tools were left available at all times and students were only encouraged to
document at two points in their design project work (a milestone of materials collection
before they began building and upon completion of each project), so that they would at
least have one entry of any of the media options. They would not spontaneously begin
keeping design entries as a matter of routine, supporting results found in other
research(Gabriele, 1991).
After review of the in situ video and comparison of the design journals, design
storyboards, photographs, iterations in the design ideas were revealed in the in situ video
recordings as often the only instance of those ideas or decisions. Figure 1.1 shows the

6
average documentation behavior of a student group, with a pre- and post-storyboard and
journal entries at the beginning and end of the project. When comparing quiz grades on
conceptual understanding and scenes from prototyping and testing of designs, video
showed vocabulary applied in context correctly when compared to quiz grades that
reflected lack of vocabulary comprehension. The purple thought clouds reflect iterations
that happened within student group conversations. These conversations are the spotlight
of the study presented in this dissertation.

ful v
Bridg~
We~k1
In situ video

tecardfr1g

l!/eek2
Video

Video intJ"Oducin.11 lesson

.. , layback
.......... ... ....

Medical Dl!v:lc~
Week3and4
hi situ vr eo reror in11

►

Figure 1-1. Average documentation behavior of student project groups

Based on research about the behavior of engineers, struggles of documentation, and
current methods of assessment in K-12 environments, current assessment tools and
strategies do not sufficiently and comprehensively represent knowledge and the
engineering process. “New assessments are required that measure these [21st Century]
skills and provide information needed by students, teachers, parents, administrators, and
policymakers to improve learning and support systemic education reform” (Newhouse,
2013, p. 14).
Purpose of the Study
This study aims to expand models for assessment of student learning by applying
educational theories and techniques to identify forms of knowledge and expressions of
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cognitive processing from in situ video. The study develops a frame with which to analyze
brainstorming and studio critique clips as students complete one design challenge.
Research Questions
With the goal of expanding assessment models and methods, this project seeks to
answer the following overarching question:
What kinds of engineering and design knowledge can be identified and assessed via
video clips of brainstorm sessions and studio critiques using elements of an engineering
epistemic frame?
To investigate this overarching question, the project addresses two sub-questions:
a. What elements of an engineering epistemic frame can be identified for
individual students from analyzing brainstorming interactions and studio
critique sessions?
b. What elements of the engineering epistemic frame were effective for measuring
students’ engineering and design knowledge?
c. How does the engineering epistemic frame align with engineering standards, to
enable assessment of the knowledge and skills included in the standards?
d. What kinds of engineering and design knowledge are supported through in situ
learning, specifically brainstorm sessions and studio critiques?
Scope of the Study
The study examines design project work in one pre-college setting, using
previously collected data from a summer program to identify types of knowledge and
provide insight that will help educators and researchers build assessment tools. The focus
on a single research site allows for a deep examination.
Importance of the Study
Performance

assessment

is

“critically

important

but

fundamentally

difficult”(Williams, 2012, p. 191). Implementation, cost, and scalability pose challenges
to performance assessment in the K-12 space. However, "Our evaluation procedures not
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only reflect but also define what we will pay attention to and encourage”(Eisner, 2004, p.
57) and “Learning through design is not exclusively represented in final products, but in
the process (art)”(Roth, 1996, p. 130).- . As students begin to produce more artifacts and
engage in engineering-focused curriculum goals, educators and researchers must be
responsible in how we assess their knowledge and skills comprehensively and holistically
or students will be ill-prepared and teachers will continue to have difficulty assessing
students. If students have skills that support a career trajectory in engineering, identifying
and celebrating the skills in K-12 will further engage student interest and motivation. Doing
so in unobtrusive manners will allow the engineering and design process to flow smoothly
without interruption for the sake of assessment and evaluation. Using previously collected
data rather than attempting an intervention potentially reduces performance anxiety
students might experience (Cassady & Johnson, 2002; E. Hong, 1999; Hunsley, 1985) and
the burden on instructors to "know engineering" and "be able to identify engineering" prior
to teaching or engaging in research. If researchers can identify types of knowledge that
students display in real-time and from their artifacts, they will be able to design tools that
can capture or assess student knowledge.
Dissertation Overview
This dissertation is the description of a two-stage research project, one study
informing the other.

Chapter 2 provides an overview of the relevant literature in

assessment, learning theories, and epistemic frame and Epistemic Network Analysis.
Chapter 3 outlines the methods used in the study in which the data was collected and the
process to develop the epistemic frame and prepare the data for Epistemic Network
Analysis (ENA). Chapter 4 shares the results of class, project groups, and individual
students. Chapter 5 reflects on the results, implications of the study, and future directions
for research. The appendix provides contextual documents related to the curriculum,
standards, and student projects.
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CHAPTER 2.

LITERATURE REVIEW

Introduction
This literature review will offer an overview of assessment, documentation tools,
educational theories, and the analysis methods that will be applied in this research project.
First, assessment will be discussed, but because assessment is a subject that has its own
field, the literature presented will be a highlight of research related to this project. Second,
the learning theories guiding this project will be highlighted. Finally, epistemic frame and
epistemic network analysis will be presented.
Assessment
Assessment is the formal attempt to determine a student's status with respect to an
educational variable of interest (Popham, 2011, p. 7). Stiggins (2005) defines assessment
as "the process of gathering evidence of student learning to inform instructional decisions."
Filip Dochy refers to assessment as abroad concept in that it measures knowledge gained,
but also student involvement, student application of knowledge, integration in learning
environment, and knowledge construction in real-life situations (as cited invan HattumJanssen & Pimenta, 2006, pp. 67-68).
Purposes of Assessment
Depending on the type and context for assessment, assessment has multiple
purposes. These purposes include, but are not limited to, educate and improve student
performance (Wiggins, 1998); to identify student strengths and weaknesses, monitor
student progress, assign grades, and determine teacher instructional effectiveness (Popham,
2011); for diagnostic and placement (Wiliam, Dec 1996); and on a systematic level,
evaluate educational programs (Tanner, 2001).
Of the many definitions and purposes, the definition and purpose best aligned with
the goals of this study is, “To assess is to make judgments about students’ work, inferring
from this what they have the capacity to do in the assessed domain, and thus what they
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know, value, or are capable of doing.” ((Joughin, 2009, p. 16) as cited in Newhouse, 2013,
p. 9).
Pellegrino and his colleagues posit that assessment is based on these foundations:
cognition (aspects of achievement to be assessed), observation (task used to collect
evidence of achievement), and interpretation (methods used to analyze the collected
evidence from observation task). It also should reflect comprehensiveness, coherence, and
continuity (J. Pellegrino, Chudowsky, & Glaser, 2001; James W Pellegrino & Quellmalz,
2010; Ruiz-Primo, 2011).

Assessment can promote learning when designed and

implemented well as it provides insights about students’ understanding and abilities.
Impact of assessment on learning
Students enter any learning environment with preconceived notions that may or
may not be accurate (Bransford, Brown, & Cocking, 2000).

Assessment is the vehicle

teachers and students use to identify and confirm or correct these notions into knowledge
upon which they can build new knowledge. Teachers extract pre-existing notions through
activities and various assessments and then confirm or correct these notions so that student
may continue to build new knowledge. Students identify their pre-conceived or newly
acquired notions through metacognition and confirm or reconstruct them from teacher
feedback.
Bias in assessment
One challenge in assessment is that research has shown there is bias in various types
of assessment. Minority students, English Language Learners, low-income students score
lower on summative standardized tests, creating a test score gap that might not be directly
reflective of an achievement gap. Second language learners and lower income students
may interpret the structure and content of test items differently than their dominant
counterparts (Noble et al., 2012). Depending on the type of assessment, students might be
unable to communicate in a manner that is compatible with determining and confirming
scientific understanding (B. A. Brown, 2004, 2006; O. Lee, 2001; O. Lee & Fradd, 1998).
The language required to be successful in school is often different from language that
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students use at home, and scientific vocabulary is a subset of said school language. Science
language is often a stumbling block if students cannot synthesize or alternate between their
social language and academic science languages (B. A. Brown & Spang, 2008). If science
language poses a challenge for students, engineering language has the potential to pose a
similar and equal challenge.
Categories of Assessment
There are three broad types of assessment: summative, diagnostic, and formative
(Bell & Cowie, 2001). Summative assessment is assessment of individual achievement that
occurs at the end of a learning season used for grading, benchmarks, and accountability (J.
Pellegrino et al., 2001; Sadler, 1989; Stiggins, 2005; Wiliam, Dec 1996), and include end
of unit tests, grades, and high stakes tests (ie., Stanford 10, Iowa Test of Basic Skills
(ITBS))(Seton Testing Services),. Diagnostic assessment identifies student strengths and
weaknesses (Popham, 2011) and helps teachers create plans for instruction. Examples of
diagnostic assessments include the Dynamic Indicators of Basic Early Literacy Skills
(DIBELS) (University of Oregon Center for Teaching and Learning, 2016), which tracks
progress in literacy development, the Wechsler Intelligence Scale for Children-Third
Edition (WISC-III), which measures cognitive and intellectual abilities(Reynolds &
Kamphaus, 2003) and the Purdue Visualizations of Rotations Test (PVRT)(Bodner &
Guay, 1997). Formative assessment is known as assessment to assist learning or modify
instruction used by both teachers and students with a responsive action during learning to
improve learning (Bell & Cowie, 2001; J. Pellegrino et al., 2001; Stiggins, 2005; Wiliam,
Dec 1996). Examples of formative assessment include peer review, partner quizzes, thinkpair-share, jigsaws, metacognitive exercises, and student whiteboards. Beyond these three
broad categories are other types of assessment: embedded, unobtrusive, authentic, and
performance. Formative assessment can be used as a tool to optimize the teaching and
learning process (Bransford, Brown, & Cocking, 2000; J. Pellegrino et al., 2001) and can
come in different forms. Formative assessments include both embedded and unobtrusive
assessments. Embedded assessments are often a process rather than product of an activity,
providing continuous evidence as opposed to discrete data points.

Unobtrusive
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assessments are collected without learner knowledge and are less reactive than other
assessment methods (Aleven, Roll, McLaren, & Koedinger, 2010).

Unobtrusive

assessments often cross-validate directly accumulated data. Examples of unobtrusive
measures are physical traces of past behavior, archives, and observations (Marrelli, 2007).
An authentic assessment is one that requires students to demonstrate in a mock
situation competencies or combinations of knowledge, skills, and that which they would
have to exhibit in a similar situation from professional practice(Gulikers, Bastiaens, &
Kirschner, 2006; Havnes & McDowell, 2004; Janesick, 2006).

Authentic tasks are

"challenges that more closely resemble the ways students will be expected to use their
knowledge and skills in the real world" (Wiggins, 1998, p. 4). Wiggins has established six
standards for authentic assessments, requiring that tasks be:
•

realistic,

•

requires judgment and innovation,

•

asks student to "do" something,

•

replicates contexts in which adults are "tested" in real life,

•

assesses student ability to use a body of knowledge to negotiate a complex task,

•

allows appropriate rehearsal, practice, feedback, and refinement opportunities
(Janesick, 2001, 2006)(Wiggins, 1998, p. 24).
Considering those standards for authentic assessment, some techniques that meet

those

standards

include

performances,

writing

samples,

portfolios,

journals,

demonstrations, and oral presentations. Two of these techniques will be discussed when I
discuss documentation tools in engineering and design.
Performance Assessment
Authentic assessment can also be referred to as performance assessment. However,
for some scholars, performance assessment has its own definition as tools and strategies
that detect, expose, and amplify students’ learning-in-use, and yields information about
how a student integrates theory and practice as feedback so instructors can alter and
improve practice (Mentkowski & Sharkey, 2011). “Performance assessment includes
authentic assessments that require students to develop a product, response, analysis, or
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problem solution that reflects the kind of reasoning or performance required beyond the
classroom setting”(Darling-Hammond, 2014, p. 12). Dewey insisted that one cannot fully
know something without experiencing it (as cited in Janesick, 2006). For other scholars,
performance assessment “is a form of testing that requires students to perform a task rather
than select an answer from a ready-made list”("Performance Assessment," 2000). Now
that new standards for mathematics and language arts (Common Core Standards) have been
released and the Next Generation Science Standards (NGSS) have been accepted across
multiple states, performance assessments are being generated by the Partnership for
Assessment of Readiness for College and Careers (PARCC) and the Smarter Balanced
Assessment Consortium(SBAC) to address higher-order thinking skills(DarlingHammond, 2014) and science and engineering assessments should follow this trend.
There are pros and cons to performance assessments. The benefit and potential of
performance assessments is that they “may be a more valid indicator of students’
knowledge and abilities”("Performance Assessment," 2000), but there have been concerns
about their reliability and validity when included as open-response items on large scale
tests(Newhouse,

2013;

Stecher,

2000;

Williams,

2012)

or

as

separate

assessments(Messick, 1992). Types of classroom-based performance assessments include
research projects, science investigations, mathematical and computer models. States and
local districts generated performance assessment systems in the 1990s that encourage
teachers (or assessors) to standardize marking and improve reliability and validity(DarlingHammond, 2014) and researchers have piloted large-scale assessment in large school
district to address validity and reliability concerns(Niemi, Baker, & Sylvester, 2007).
Performance assessments may be less biased than other psychometric assessments, but the
resources required to conduct them are expansive:
Assessing many performance dimensions is too difficult on paper and too
expensive using “hands on laboratory exercises” while computer-based assessment
has the potential to increase “flexibility, authenticity, efficiency, and accuracy” but
must be subject to “defensible standards” such as the Standards for Educational and
Psychological Testing (American Educational Research Association, American
Psychological Association, & National Council of Measurement in Education,
1999, p. 189, as cited in Williams, 2012).
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Since performance assessments have proven to be challenging, digital performance
assessments are being investigated. Researchers have attempted to assess science, math,
and engineering using digital formats, and created a feasibility framework for digital
representations of assessment tasks.

The features under consideration should be

manageability, technical, functional, and pedagogic (Williams, 2012).
Purpose and Potential of Documentation Tools in Engineering and Design
Two common documentation tools used for authentic assessment in engineering
education are design journals and design portfolios. Design journals, also called design
notebooks (Svarovsky & Shaffer, 2006) or engineer's notebook (Kelley, 2011), serve
multiple purposes for both students and teachers of design and engineering as well as being
authentic to engineering practice. They are important components for design education.
For students, they are tools for recording information gathered about a problem (Kelley,
2011, p. 31), capturing design thinking, and recording sketches.

A design portfolio

supports and provides sequential documentation (Kelley, 2011) of the process and products
of each design process phase.
Design journals serve as a tool as when completing authentic tasks of design
projects, so design journals can serve as potential assessment tools. One challenge to a
design journal as an assessment tool is that students do not naturally use design journals
for a few reasons. The diary concept could be foreign to them, and they often do not know
what information is essential and non-essential(Gabriele, 1991). If they are trained to
create design journals similarly to how they are trained to create science notebooks where
they only write down facts or notes from the teacher, there is the potential to lose lots of
valuable information from a design and an assessment perspective. Also, the likelihood
that students will not want to record mistakes or missed data capture, so the information in
the journal may be incomplete, or inaccurate from the point of view of showing growth
and evolution of understanding. Although design journals support the completion of
authentic tasks, they do not capture all of student thinking.
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Studio and Studio Critique
The studio is “a setting for the acquisition of a competence to perform”(Donald A
Schön, 1985, p. 5). The studio serves a role in visual arts, design, and architecture as it
creates a sacred space for the work of the craft where apprentices and masters (or novices
and experts or teachers and students) engage in the cycle of teaching, modeling, and
learning-by-doing(Goldschmidt, Hochman, & Dafni, 2010; Donald A Schön, 1985). It
“contains its own traditional elements – master demonstrations, “design reviews”, “desk
crits”, “juries””(Donald A Schön, 1985, p. 32). Design reviews involve the students,
instructors, and often experts to provide feedback over the course of a project. Desk crit is
a conversation between instructor and student or student team local to a working space or
desk(Goldschmidt, Casein, Avidan, & Ronan, 2014; Goldschmidt et al., 2010; Graham,
2003). Design juries involve outside critics and are often summative activities (Graham,
2003; Hokanson, 2012). The studio is synonymous in the engineering field to an
engineering lab or workshop space. Both the studio and the lab have tools and equipment
available and ready for production of models or prototypes.
The studio critique is a central feature of design education. In the studio critique,
students present their designs and receive feedback from peers, instructors, stakeholders,
or experts(Sonalkar, Mabogunje, & Leifer, 2015). The critique offers students a chance to
present design rationale and defend design decisions(Ruchhoeft, Bannerot, & Kastor,
2004b). It serves as a space for peer learning as well as a forum for students to comment,
brainstorm, critique, and solve problems after groups have presented their work to
classmates(B. Lee, Maldonado, & Klemmer, 2006; Ruchhoeft et al., 2004b; Donald A
Schön, 1985). “Students’ design knowledge is refined through project critique”(Cennamo
et al., 2011, p. 14). Therefore, the design aspect of engineering should involve critique as
part of its coursework experience. The next section discusses theories of learning which
can further guide the design of engineering coursework experiences.
Theories of Learning
Learning theories offer guidance and explanation for how, why, when and where
people learn and describe a variety of forms of knowledge. With a goal of capturing
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students’ engineering and design knowledge for the study, multiple learning theories were
considered.

Some

of these

included

a

Vygotskyan

socio-cognitive/cultural

approach(Vygotsky, 1935, 1978), funds of knowledge(Barton & Tan, 2009), islands of
expertise(Crowley & Jacobs, 2002), and communities of practice (Wenger, 1998). These
learning theories are important because they relate to the context, community, and lens for
analysis.
Vygotsky stressed the role of social interaction in cognitive development and the role
of culture in creation of knowledge(Vygotsky, 1935, 1978; Wertsch & Tulviste, 1998). He
introduced the zone of proximal development (ZPD) as the gap between what a learner can
do with help and what they can do independently.

This gap is where interaction,

scaffolding, and co-creation with teachers or adults happens, promoting progress in
learning and development.
Funds of knowledge is based on the premise that there is knowledge and skills within
households and communities that should be capitalized upon in teaching (Gonzalez, Moll,
& Amanti, 2013; Hogg, 2011; Moje et al., 2004; Moll, Amanti, Neff, & Gonzalez, 1992).
This research initially focused on immigrant families and how to bridge the distances
between what students knew and how that knowledge can be used in context in school. It
has since expanded to apply to communities beyond the immigrant community to honor
the knowledge all students bring into classrooms.
An island of expertise is “a topic in which children happen to become interested and
in which they develop relatively deep and rich knowledge” (Crowley & Jacobs, 2002, p.
333). These islands of expertise develop over time after multiple opportunistic interactions
(conversations and informal experiences) that relate interest and understanding of a specific
content culminate. Often these conversations are spontaneous and explanatory talk occurs
between parent and child.
A community of practice (Farnsworth, Kleanthous, & Wenger-Trayner, 2016; Lave,
2005; Lave & Wenger, 1991; Wenger, 1998, 2011) is a group of people who share a culture,
way of knowing, practices, repertoire of knowledge, and language. When individuals
participate in communities of practice, there is potential for them to develop ways of
thinking and identity related to the community. Cobb and colleagues observed that
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“classrooms have a unique set of shared beliefs and expectations about what constitutes
“knowing” and how that knowledge is constructed in the classroom” and that “classroom
norms reflect the beliefs and expectations of a discipline as well as those specific to the
classroom learning-community”(Cennamo et al., 2011, pp. 17-18) Therefore, a student
participating in a “model” community of practice or engineering classroom can develop
ways of thinking (epistemologies), and identities of that community. Pedagogical praxis
suggests that different communities of practice have different ways of knowing,
prioritizing and evaluating the value of certain information, and adding to the body of
knowledge.

The differences in such communities of practices and their respective

components lead to different epistemic frames for each community(Shaffer, 2004, 2006a).
Epistemic frame is a theory that takes into account the skills, knowledge, community, and
ways of being of particular professions which will be discussed after the its relationship to
other learning theories is described.
An island of expertise requires the development of an epistemic frame by adding the
deep knowledge to knowing what is important, knowing how to determine so, and knowing
that other community members will value certain knowledge over others. Examples of
these islands of expertise and practices of a profession are evident in the study of high
school students’ participation in inclusion experiences where students take on the roles of
certain professions via epistemic games, video and online games that immerse students in
learning scenarios where they must learn domain-specific content and make decisions as
professional scientists or engineers with authentic constraints(Shaffer, 2006b). Often these
inclusion experiences are virtual engineering internships for undergraduates (Arastoopour,
Shaffer, Swiecki, Ruis, & Chesler, 2016; Naomi. C. Chesler, Argastoopour, D'Angelo,
Bagley, & Staffer, 2013; Naomi C. Chesler et al., 2015), in the form of computer games
for younger students. In one example, students learned immunobiology and biomedical
ethics through the Pandora Project(Shaffer, 2006b), where they had to take on roles of
various stakeholders regarding xenotransplantation to treat organ disease.

To be

successful, students had to learn about xenotransplantation and the art of negotiation and
resolution. In the Digital Zoo project, middle school girls were biomechanical engineers
designing using a spring-mass modeling system and being advised by an undergraduate
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mentor(M.-G. N. Svarovsky, 2009). Digital Zoo was created as an engineering epistemic
game with particular skills highlighted beyond content knowledge based on an engineering
design course practicum setting(G. N. Svarovsky, 2011). Other fields where epistemic
frames have been used for teaching and learning include physics education(Wolf, Doughty,
Irving, Sayre, & Caballero, 2014) and computer programming(Matwyczak, 2013).
If we define engineering and design as a community of practice where students are
doing authentic tasks, then students can develop or expand an engineering epistemic frame.
For the context of this project, the environment for developing an epistemic frame was a
curriculum and learning experience with the teacher acting as mentor and expert based on
pedagogical content knowledge as a teacher and engineer.
For the purposes of this study, we focus on the interactions that occur during an
engineering design projects to evaluate them as potential assessment spaces in K-12
engineering education and use epistemic frames to assess student ways of being a
practicing engineer.
Epistemic Frame
Epistemic frames are “collections of skills, knowledge, identities, values, and
epistemology that professionals use to think in innovative ways”(Shaffer, 2006b, p. 12).
The epistemic frame describes the network of cognitive experience that includes skills,
knowledge, identity, values, and epistemology. Skills are “things that people within the
community do”(Rupp et al., 2009, p. 8; Shaffer, 2006b). Knowledge relate to “the
understandings that people in the community share”(Rupp et al., 2009, p. 8; Shaffer,
2006b) . Identity is the way community member see themselves (Rupp et al., 2009;
Shaffer, 2006b). Values are beliefs community members hold (Rupp et al., 2009, p. 8;
Shaffer, 2006b). Finally, epistemology relates to the justifications, warrants, or rationale
that support decisions or actions within the community about what knowledge is true(Rupp
et al., 2009; Shaffer, 2006b). There are “things to know, ways of knowing them, and ways
of finding about them” (N. Cross, 1982, p. 223), especially in design and engineering.
“Epistemic frame theory suggest that learning to solve complex science, technology,
engineering, and math (STEM) problems from being part of a community of practice”
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(Naomi. C. Chesler et al., 2013). Examples of an engineering epistemic frame would
include, but are not limited to, identifying and confining a problem (S), developing multiple
alternatives for solutions, using mathematical data in testing(E), building a prototype(S),
knowing mathematical and scientific theory (K), considering cost and constraints and
impact on society(V), and acting as designer or engineer (I).
Epistemic Network Analysis (ENA)
Epistemic Network Analysis (ENA) is an empirical statistical technique for modeling
and visualizing connections between coded data over time that represent associations
between elements in a complex framework and “quantifies the development of an
epistemic frame”(Naomi C. Chesler et al., 2015, p. 2). A fundamental assumption of
Epistemic Network Analysis is that the pattern of between elements of expertise is more
important than the mere presence or absence of elements in isolation. Epistemic Network
Analysis represents these connections and relationships in two-dimensional network
models(Choi, Rupp, Gushta, & Sweet, 2010; Rupp et al., 2009; Shaffer, Collier, & Ruis,
2016). ENA Epistemic network analysis has been used to investigate complex engineering
learning over time(G. N. Svarovsky, 2011) in K-12 students or to assess design thinking
(Arastoopour et al., 2016) in undergraduates.
“ENA measures the connections among code elements by quantifying the cooccurrence of elements” (Arastoopour et al., 2016, p. 1495) within a boundary of discourse
or activity. Often called a stanza, elements within any given boundary unit, slice, episode,
or activity segment, are related. These units can occur sequentially based on time segments
or boundaries around tasks. The units could also be non-contiguous(Choi et al., 2010).
In any given slice of time within a unit, presence of any of the elements of the
epistemic frame are coded in a binary manner, “0” for not present or “1” for present. There
is room for a weighted coding system given research design and coding system, but that
was not the route of the project.

Slice

No, it goes like this. If
you open the door
with one switch and
then lights go on and
the same thing for
the other switch. If
you open the door
the alarm goes off,
but it's not like,
because then if you
close the door the
lights will go off. No,
but the other we can
make the switch for
the alarm be
activated by the
door. We have to
make it like, we
could do it like a light
switch.

1

11

Epistemology

Values

Identity

Knowledge

Raw Data

Skills

20

00

00

11

Figure 2-1. Example of a slice from a scene coded for multiple elements of epistemic frame.

A network is generated for each slice of a scene (Fig. 2.1). The elements, in this
example skills, knowledge, and epistemology, that co-occur are connected in a network and
the elements that do not co-occur are not connected.
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Knowledge

Skill

Values

Identity
Epistemology
Figure 2-2. Example of the above scene represented as a network
Each stanza is then summed in either a binary summation or a weighted summation
for each slice, depending on how the data has been coded (Fig. 2-3).

Slice

11

11

00

00

11

Figure 2-3. A single coded row of slice from Figure 2.1

Epistemic Network Analysis generates an adjacency matrix for each slice. Codes that cooccur receive a “1” and codes that do not co-occur receive a “0”. The diagonal is zeroed
because codes cannot co-occur with themselves.
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Figure 2-4 Adjacency matrix for the scene.
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An adjacency matrix occurs for each slice per scene, so there is a series of adjacency
matrices for each unit. Then a cumulative adjacency matrix is generated of all scenes. A
cumulative adjacency matrix will show the number of scenes where the codes co-occur,
therefore, no longer being binary but summative. Instead of numbers, for the sake of
demonstration and because the initial example is a single slice, shading in Fig. 2.5
represents numbers of occurrences, where lighter shades are lower occurrences and darker
shades are higher occurrences.

SS

KK

II

VV

EE

SS
KK
II
VV
EE
Figure 2-5. Cumulative adjacency matrix for an example scene

After the cumulative adjacency matrix is generated, a final network of the
relationships between elements of the epistemic frame is generated. The adjacency
matrices are normalized (or rescaled) so that individuals and groups with more discussion
are not weighted with individuals or groups with less discussion, leading to different
numbers of co-occurrences(Arastoopour et al., 2016; Rupp et al., 2009). Therefore,
normalization creates a fair comparison. Fig 2.6 shows an example network that helps
demonstrate the features of any given network. Thicker lines and saturation and proximity
to each other represent stronger connections(Shaffer, 2016).
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Skills

Knowledge

Values

•

Identity
Epistemology

Figure 2-6 Example of anetwork showing strength of
connections.
ENA then calculates acenter of the network. The centroid or center of mass is the
summary position of the network.
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CHAPTER 3.

METHODS

In Chapter 1, the motivation for the study was introduced. Chapter 2 presented a
literature review of assessment. This chapter will introduce the research questions and the
process by which these questions will be answered. First, the researcher’s position as
researcher and teacher in the context of the study is presented, followed by a description of
the research site, framework for data collection, participants, summary and organization of
the collected data. The chapter will then describe the research design and analysis process
taken to address the research questions. The focus of the dissertation is investigating the
potential for an engineering epistemic frame to allow researchers and teachers to identify
and assess engineering and design knowledge high school students demonstrate.
Study Context
Role of Researcher and My Positionality
It is a qualitative research norm for the use of first person voice, and I often use this
voice because I was the researcher and teacher.
Massachusetts was an early adopter of engineering standards, developing and
introducing standards in 2001(Carr et al., 2012; Massachusetts Department of Education,
2006, 2013). As a math and science public school teacher in Massachusetts, I had the
opportunity and burden of teaching engineering to elementary, middle school, and high
school students. As a way to impact college awareness and preparation of minority
students, I also participated in a college preparation academic summer program as a math
and science teacher for rising and existing high school students. As an informal program,
the leadership and teachers had autonomy to develop curriculum to select topics of focus.
Even with engineering standards or frameworks, engineering instruction often
occurs within the science classroom and as part of science curriculum. This is where I had
the opportunity to introduce engineering as “applied science” (a moniker used by the
administration to avoid intimidating students) to 22 rising seniors over the summer of 2011
while science frameworks were being revised that would reform science education.
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I was well aware that the population of my focus had its own culture of which I was
already a participant. It should be noted that I served as the instructor for the course while
the data was collected, and had been an instructor either in mathematics or science with
these students since they were rising ninth graders, so I did not have to establish my
role(Goetz & LeCompte, 1984; Wilson, 1977) or build rapport (Collier Jr., 2003). I had
been a full-time summer instructor and worked with them after-school Monday-Thursday
and Saturdays from September to May for multiple years doing homework assistance. We
had eaten lunch and dinner together, traveled on college tours across the country, and done
community service projects. The students knew that I had moved away to begin graduate
work and came back to teach. That summer, like many of the other staff, I also had a room
in the dormitories where I often spent the night. Therefore, the relationship-building
(rapport) that must take place in teacher-researcher situations had already been established
and it was a smooth transition into participant observer. I was an "insider" because the
students, administrators, and parents all knew me. As an insider, this had the potential to
diffuse “researcher bias as the researcher functions in an active, and accepted, role in
community affairs”(Norman, 1991, p. 195).
Research Site
The research site was a private college in an urban center that sponsored a college
preparatory program, College Next, for local high school students who would be first
generation college students. The Applied Science class was held in the education building
in the science laboratory. Activities in the class took place in the classroom within the
education building or on the surrounding campus.
There were three projects over the four-week summer camp. The first project
focused on introducing the students to the design process via redesign of an umbrella. The
second project was an introduction to civil engineering and physics via building of a bridge
made from spaghetti. The third project was an introduction to electric circuits and
biomedical technologies via design of an original project that met a student-defined
medical need. The frameworks associated with each week and project are located in
Appendix A.

26
Framework for Data Collection
The methodological framework was inductive, generative, constructive,
subjective(Goetz & LeCompte, 1984, pp. 4-6, 17). I took a natural-ecological perspective
(Wilson, 1977) in the design and implementation of the project. I did not want to interrupt
students to give them assessment or documentation tasks because interruptions have an
effect on designers while designing(Gero, Jiang, Dobolyi, Bellows, & Smythwood, 2015),
negatively impacting solution synthesis. I collected multiple types of data and intended to
triangulate (Jick, 1979) sources to confirm observations made while teaching.
Students were asked to document their design work, and were provided with
multiple forms of documentation (design journals, storyboards, digital cameras, and video
cameras) as options for documentation, and given minimal guidance on how they must be
used. Minimal guidance meant that students were required to submit journal entries and
storyboards at two points, the first being prior to collecting materials and the second at the
conclusion of construction or prior to presentations. They could use cameras to take
photographs and record video at their will. For our purposes, the student-generated
diagrams and researcher- or student-generated photographs represent a visual narrative
(Drew & Guillemin, 2014).

They became part of telling the story of student

communication behaviors.
Participants
Students recruited for the college prep program were either low-income and/or firstgeneration students from four partner high schools and middle schools within the urban
school district. The school district is 86% minority and nearly 75% low-income, with 65%
of the students eligible for free meals with family incomes of 130% of poverty or less.
Seventeen percent of the families in the targeted neighborhoods for the college prep
program earned less than $10,000 annually1 and at least 75% of the adults over the age of
18 in the target recruitment neighborhoods do not have college degrees. The student

1

Selvarajah, Eswaran and Vrabel, Jim, Census 2000 KEY NEIGHBORHOOD CHARACTERISTICS, Comparative Data
on Neighborhoods and Boston US Census 2000 Summary File (SF3) Data, Research Department, Boston Redevelopment
Authority, April 2004.
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population in the school district is 43% African-American, 34% Latino, 14% White, and
9% Asian. Forty percent of students in the school district do not speak English as a first
language. Of the students who lived in the target school district who participated in the
college prep program, some of them were a part of a busing program that took them to
schools located in the suburbs with school demographics that starkly contrasted the
demographics of their home school district.
There were 22 rising seniors from a range of public and charter schools. Some
students came from the same home schools, but there was not an equally distributed
number of students per school in the program.

Table 3.1 shows the students (by

pseudonym) broken into class sections (A or B) and Table 3.2 shows the gender distribution
within each class section.

Table 3.1. Students by Class Sections

Pseudonym

Group

Gender

Pseudonym

Group

Gender

Leilani

A

Female

Anaïs

B

Female

Quincy

A

Female

Elan

B

Female

Melanie

A

Female

Fabienne

B

Female

Rae

A

Female

Breilyn

B

Female

Simone

A

Female

Inti

B

Female

Paola

A

Female

Caitlyn

B

Female

Victoria

A

Female

Honoré

B

Female

Uriel

A

Male

Kingston

B

Male

Noah

A

Male

Darren

B

Male

Optimus

A

Male

Gavin

B

Male

Tiaje

A

Male

Joaquim

B

Male
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There was a female majority of participants in the program. Each section had
eleven students, so the classes were assigned so that there were an equal number of males
in each section.

Table 3.2. Gender Distribution
Gender Number of Participants
Female

14

Male

8

Data Collection
The students’ work was collected at the end of the summer program as artifacts.
The data collected included all artifacts produced by students in the course over the four
weeks:

homework, quizzes, reflections, journals, photographs, design storyboards,

student-generated diagrams, and video footage.

Homework included finishing

assignments that had begun in class, completing milestones within the design process to
advance to the next stage, or review or research of scientific concepts. Quizzes were given
at the end of the civil and electrical engineering week units, covering physics and bridge
forces, trigonometry, and electric circuits. The video clips are of the brainstorming
conversations, presentations to instructor, test day clips, and studio critique clips. Table
3.3 shows a summary of all of the artifacts. Some students missed class on days on which
quizzes were given or requested to keep their journals, and some submitted reflections as
a group rather than individually. This explains quantities that are not twenty-two or
multiples of twenty-two of the journal and quiz artifacts.
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Table 3.3 Summary of Whole Collection of Data Sources
Artifact

Quantity

Student Journals

15

Quiz-Civil Engineering

19

Quiz-Electrical Engineering

22

Original Project

9

Student Reflections

33

Photographs

300

Storyboards

9

The data collection process involved spontaneous video recordings conducted by
the students and instructor. There are additional visual data (images and video clips)
associated with the projects that show brainstorm sessions, construction sessions, and the
test day. Though the project was presented to students to mimic a reality television show,
neither studio cameras nor camerapersons were assembled to collect data. All images were
participant-generated (Drew & Guillemin, 2014), captured by the instructor, program
director, or students themselves. These images, still or moving, were descriptive and
illustrative artifacts (Norman Jr., 1991) from student decisions and expressions as they or
the researcher used the camera as a tool.
Video footage has been used in teaching and learning to show student learning and
help teachers reflect on their skill(Swain, 2006) or in analysis of mathematical
practice(Greiffenhagen, 2008). Photographs have been used as artifacts in archaeology,
ethnography, anthropology(Banks & Morphy, 1997; Collier Jr., 2003; Collier Jr. & Collier,
1986; Hockings, 2003), and education.
Table 3.4. Summary of Video Sources
Summary of Video Sources
Prep Time Clips

12

Test Day Video Clips

14
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The rows in Table 3.5 are color coded by project. Colors within the rows indicate
student group projects, and help to identify the members within the student groups. For
example, student Caitlyn, Honoré, and Kingston all worked on the Kendle of Calories
project. Students worked in groups for the umbrella and the bridge, and they are identified
differently. Students self-selected into groups, and were free to change project groups over
the course of the summer.

Table 3.5 Student Projects and Members by Section
Group

Project

Group Members

B

Toy Bear for Blind Kids

Anaïs, Elan, Fabienne

B

Aromatic Relaxing Bracelet for ADD Sufferers

Brielyn, Inti

B

Kendle of Calories to fight Obesity

Caitlyn, Honoré, Kingston

B

Smart Pill Container

Darren

B

Seeing with Ears Metro Support Device

Gavin and Joaquin

A

GPS Walking Stick

Leilani and Quincy

A

Mechanical Leg/Crutch

Melanie and Uriel

A

Neck-Ma for Asthmatic Athletes

Rae and Simone

A

Rechargeable Wristband for Deaf

Paola, Tiaje, and Victoria

A

ClimateCast *No final project submitted

Noah and Optimus

The project goal was to design an assistive device for an individual with a disability
or limitation, and students generated ideas about diseases, conditions, or physical
limitations before selecting one need to solve a problem and create a prototype. The groups
created a quick and dirty prototype to present in the studio critique. The projects, their
goals, and their features and images are presented of the props used for their presentation
are described in Appendix I. The transcripts of brainstorm sessions and studio design
critique sessions are related to these projects.
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Research Questions
In this section, the research design is described as well as the methods applied to
respond to this research question.1. What kinds of engineering and design knowledge can be identified and assessed
via video clips of brainstorm sessions and studio critiques using elements of an
engineering epistemic frame?
a. What elements of an engineering epistemic frame can be identified for
individual students from analyzing brainstorming interactions and studio
critique sessions?
b. What elements of the engineering epistemic frame were effective for
measuring students’ engineering and design knowledge?
c. How does the engineering epistemic frame align with engineering
standards, to enable assessment of the knowledge and skills included in the
standards?
d. What kinds of engineering and design knowledge are supported through in
situ learning, specifically brainstorm sessions and studio critiques?

Because of the data the project generated, and the goal of identifying various
forms of knowledge from the artifacts, the “texts” and artifacts became units. In order to
identify forms of knowledge beyond what students shared on atest, other additional
artifacts were used.
Creation of the Epistemic Frame
For the context of this project, the environment for developing an epistemic frame
was a curriculum with the teacher acting as mentor and expert based on pedagogical content
knowledge as a teacher and engineer.
Brainstorming and studio critique transcripts were coded using an epistemic frame
(Shaffer, 2004, 2006a). The epistemic frame elements (skills, knowledge, identity, values,
and epistemology) for this scenario were generated by integrating the Massachusetts
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Frameworks included in the summer curriculum (Massachusetts science and
technology/engineering curriculum framework, 2006)(see Appendix A), The Engineer of
2020 attributes (National Academy of Engineering, 2004)(see Appendix B), and the
Accreditation Board for Engineering and Technology criterion 3 for program outcomes
and Assessment (see Appendix C. ABET Criterion 3 (a-k)). This engineering epistemic
frame was developed using a process similar to the development of an epistemic frame
using ABET Criterion 3 for design of an online professional practice simulator for first
year engineering students (Naomi. C. Chesler et al., 2013) and engineering virtual
internship (Arastoopour et al., 2016). ABET Criteria 3 outline the abilities and knowledge
undergraduate students should be able to demonstrate upon the completion of an
undergraduate engineering program. In those projects, the students were undergraduates,
but the students in this project are high school students. The state standards were integrated
because they are more specific in scope and have the potential to be more easily assessed,
in addition to the fact that the curriculum written for the program was based on the state
standards. Furthermore, alignment of the Massachusetts standards with ABET Criterion 3
support increased continuity between K-12 and undergraduate education program
outcomes and assessments of those outcomes. The Engineer of 2020 was a report in
response to the National Academy of Engineering’s attempt to prepare the future engineer
to positively influence the future and what characteristics (called attributes in the report
and henceforth in this document) engineering graduates in the year 2020 should possess
(National Academy of Engineering, 2004), and this report has influenced engineering
education since its release. Any assessments of higher education and K-12 programs
should be cognizant of how the

foundation for the outcomes of higher education

engineering programs can be laid with opportunities in the K-12 experience. Therefore,
local (state) educational standards, national policy directives, and higher education
outcomes were aligned within each epistemic frame element.

Literature provided

justification for additional elements. This engineering epistemic frame is a synthesis of
literature, standards, directives, and outcomes from stakeholders involved in the education
and training of engineers from pre-K through undergraduate education. This synthesis has
been visually represented in Figure 3.7, and the synthesis of the frame will be described
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throughout this section in multiple tables that will display operational definitions (Table
3.6), overall alignment (Table 3.8), and sub-codes per element (Tables 3.9-3.14).

Figure 3-1. Visual Representation of Relationships between Local
Standards, National Directives, Higher Education Outcomes and
Literature Synthesized for Engineering Epistemic Frame

The epistemic frame elements are skills(S), knowledge(K), identity(I), values(V),
and epistemology(E), and have been coded as such for analysis. Each parent code
(S,K,I,V,E) has a set of sub-codes that allow for macro and micro analysis.

The

nomenclature for each code is parentcode.subcode, for example k.localknowledge
represents the sub-code localknowledge under the parent code K. (but indicated in
lowercase). Figure 3.1 shows how sub-codes are connected to the local (blue circle),
national (yellow circle), or higher education frameworks (red circle), and how the
community creed (white circle) and research literature (large black circle) are involved in
the generation of this engineering epistemic frame. For example, v.workethic is a value
sub-code based on a commitment espoused in the community creed. The s.communicate
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sub-code

is

found

in

ABET

criterion

3,

the

Massachusetts

Science

and

Technology/Engineering Framework, and The Engineer of 2020, so it is located in the
center of the Venn diagram. The s.test sub-code is found in both ABET criterion 3 (red
circle) and the Massachusetts Science and Technology/Engineering Framework (blue
circle), so it is located in the purple section of the Venn diagram. Sub-codes v.critique and
e.data were found in literature, so they are within the black circle.
In the context of this K-12 space, the codes are explained at the macro level in Table
3.6 with operational definitions and descriptions. The sub-codes are explained in detail
following tables by their respective frame (S, K, I, V, E) element later in this section. For
organizational purposes, colors have been associated with each element (skills-yellow,
knowledge-green, identity-orange, values-blue, epistemology-gray), and those colors will
be a guide throughout the rest of this document.

Table 3.6 Macro Definitions of Epistemic Frame Elements
Code
Skills
Knowledge
Identity

Operational Definition

Examples

Refers to abilities engineers
display
Using mathematic or scientific
vocabulary or acknowledging
engineering relationships
References or presents playing
roles

Brainstorming, identifying
needs

Values

Refers to concepts or behaviors
important to engineers or their
practice

Epistemology

References justifications for
decisions or actions in the
engineering profession

Examples include: force,
weight, pressure
Designer, user
Concerned about stakeholders
in implementation of design,
brainstorming multiple ideas,
giving constructive critique
Making decisions based on
cost or legality, data, or testing;
using knowledge of math
equations or scientific theory in
design, evaluating tradeoffs

Table 3-8 shows how each code is specifically related to the Massachusetts
Technology/Engineering Frameworks, Engineer of 2020 Attributes, or ABET Criteria 3.
The codes included in the table reflect how they have been labeled in their respective
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segments as the synthesis process occurred. The alignment of these components to the
elements that make up the epistemic frame are outlined respectively in this section prior to
the summary table.
Massachusetts Technology/Engineering Frameworks
The Massachusetts Technology/Engineering Frameworks are labeled by
framework category, and are numbered beginning with 1. The categories included in the
summer program were Engineering Design (ED), Construction Technologies (CT),
Bioengineering Technologies (BT), and other specific framework that were grouped as
Additional Frameworks (AF). Under this naming convention, the first engineering design
standard would be identified as ED1. A complete list of all the standards used can be found
in Appendix A, and their alignment with the SKIVE elements is found in Table 3-7. The
yellow shaded boxes indicate the frameworks that are skills, and the green shaded boxes
indicate the frameworks that are knowledge. The frameworks do not align with identity,
values, or epistemology, so the table does not have any orange, blue, or grey boxes.
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Table 3.7. Massachusetts Technology/Engineering Frameworks Alignment with SKIVE
Elements
Label

Framework

ED1

2.1 Identify and explain the steps of the engineering design process, i.e.,
identify the need or problem, research the problem, develop possible
solutions, select the best possible solution(s), construct a prototype, test and
evaluate, communicate the solution(s), and redesign.

ED2
ED3
ED4
ED5

CT1

CT2
CT3
BBT1
T1
BT2
BT3
AF1

AF2

AF3

2.2 Demonstrate methods of representing solutions to a design problem,
e.g., sketches, orthographic projections, multi-view drawings.
2.3 Describe and explain the purpose of a given prototype.
2.4 Identify appropriate materials, tools, and machines needed to construct
a prototype of a given engineering design.
2.5 Explain how such design features as size, shape, weight, function, and
cost limitations would affect the construction of a given prototype.
5.2 Identify and describe three major types of bridges (e.g., arch, beam,
and suspension) and their appropriate uses (e.g., site, span, resources, and
load)Design and construct a bridge following specified design criteria (e.g.,
size, materials used). Test the design for durability and structural stability.
5.3 Explain how the forces of tension, compression, torsion, bending, and
shear affect the performance of bridges.
5.4 Describe and explain the effects of loads and structural shapes on
bridges.
7.1 Explain examples of adaptive or assistive devices, e.g., prosthetic
devices, wheelchairs, eyeglasses, grab bars, hearing aids, lifts, braces.
7.2 Describe and explain adaptive and assistive bioengineered products,
e.g., food, bio-fuels, irradiation, integrated pest management.
Brainstorm and evaluate alternative ideas for an adaptive device that will
make life easier for a person with a disability, such as a device that picks up
objects from the floor.
2.2 Distinguish among tension, compression, shear, and torsion, and
explain how they relate to the selection of materials in structures. (pg 92)
5.1 Explain how to measure and calculate voltage, current, resistance, and
power consumption in a series circuit and in a parallel circuit. Identify the
instruments used to measure voltage, current, power consumption, and
resistance.
5.3 Explain the relationships among voltage, current, and resistance in a
simple circuit, using Ohm’s law.

Sub-Code
s.need, s.research
s.developsolution
s.choosesolution,
s.build, s.test
s.communicate,
s.redesign
s.representation
s.communicate
k.materials
k.featureimpact

k.bridgetype

k.bridgeforces
k.bridgeeffects
k.adaptiveexamples
k.adaptiveproducts
No sub-code,
Project objective
k.matforcestructures

k.measureelectric

k.ohmslaw

Most of the frameworks have one-to-one correspondence, but a few do not. ED1
relates to the design process, which has eight steps, and each of those steps are a discrete
skill. The breakdown of the design process in ED1 into individual sub-codes is shown in
Figure 3-2, highlighted in yellow as skills for consistency.
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Figure 3-2 Discrete Skills of the Epistemic Frame Extracted
from the Engineering Design Process
Some of the frameworks were included as learning outcomes in the curriculum, but
they were not included in the creation of the frame or highlighted in answering these
research questions. The framework BT3 does not have a sub-code because one of the
projects the students were assigned over the summer had a goal that matched this
framework. Otherwise, BT3 would have been designated as a skill, and might analyzed as
such under different circumstances. Although the students did design, construct, and test
bridges, k.bridgetype, k.bridgeforces, and k.bridgeeffects sub-codes were not of focus when
clips were analyzed for this project.

K.matforcestructures, k.measureelectric, and

k.ohmslaw were also included in the activities, but less prevalent in video clips that were
analyzed to address the research questions.
Engineer of 2020
The Engineer of 2020 attributes are: strong analytical skills, practical ingenuity,
creativity, communication, business and management, leadership, high ethical standards,
professionalism, dynamism, agility, resilience, flexibility, and lifelong learning(National
Academy of Engineering, 2004). Purdue University, a trailblazer in first year engineering,
engaged ABET criteria 3 and Engineer of 2020 attributes and established twenty target
attributes of “renaissance engineers” that was approved by their faculty which were
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categorized as abilities, knowledge areas, and qualities(Purdue University, n.d.) and are
shown in Figure 3-3.
Abilities
•Leadership
•Teamwork
•Communication
•Decision-making
•Recognize and manage
change
•Work effectively in
diverse & multicultural
environments
•Work effectively in
global engineering
profession
•Synthesize
engineering, business,
and societal
perspectives

Knowledge Areas
•Science & Math
•Engineering
fundamentals
•Analytical skills
•Open-ended design &
problem solving skills
•Multidisciplinary
within and beyond
engineering
•Integration of
analytical, problem
solving, and design
skills

Qualities
•Innovative
•Strong work ethic
•Ethically responsible in
a global, social,
intellectual, and
technological context
•Adaptable in a
changing environment
•Entrepreneurial and &
intrapreneurial
•Curious and persistent
learners

Figure 3-3 . Purdue University Expanded Engineer of 2020 Target Attributes

These target attributes were more detailed and expansive, had a greater potential
for assessment because of their specificity, and were more aligned with many of the
S,K,I,V,E elements of the epistemic frame. For these reasons, this engineering epistemic
frame includes more than the ten Engineer of 2020 attributes from the National Academy
of Engineering, and attributes may be expressed differently. The first attempt at alignment
of the Purdue Engineer of 2020 Target Attributes with the epistemic frame elements is
shown in Figure 3-4.
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Figure 3-4. Alignment of Purdue Engineer of 2020 Attributes with SKIVE Elements of
Epistemic Frame

As Figure 3-4 shows, attributes such communication, leadership, teamwork, work
effectively in diverse and multicultural environments, work effectively in the global
engineering profession, synthesize multiple perspectives, communication, decisionmaking, science, math, engineering fundamentals can exist in dual categories. Decisions
about where to place an attribute when it could exist in multiple epistemic elements were
made based on operational definitions of skills, knowledge, identity, values, and
epistemology and how local standards prioritize the sub-code. For instance, leadership
and teamwork are not listed in local standards as skills that are assessed, so those were
explicitly assessed as a value because they are behaviors. Decision-making continues to
appear in skills and epistemology because it is an ability, yet there are ways in which an
engineer makes a decision and particular kinds of justifications used. Science, math, and
engineering fundamentals appear in both knowledge and epistemology because engineers
must have the knowledge and apply that knowledge appropriately during brainstorming,

40
building, testing. When and if a sub-code appears in more than one epistemic frame
element, the nuances of the differences are explained with examples in the epistemic frame
element tables.
Some of the codes from Purdue/Engineer of 2020 do not apply to this context, so
they are not included in the epistemic frame. Work effectively in the global engineering
profession is not included because there would be no potential to assess that in this specific
context or most K-12 contexts.

Work effectively in diverse and & multicultural

environments would also be difficult to assess if that is defined in the context of
employment. If by multicultural environments, it is meant to be beyond the American
context, that would be difficult to assess in an American K-12 education context, but if by
having diverse classmates of various cultural backgrounds is the lens of choice, the context
of this project is such that it might skew the results because all of the participants are
multicultural.
ABET Criteria 3
After aligning the Purdue/Engineer of 2020 attributes to the SKIVE elements for
the engineering epistemic frame, the next stop in the process was to align ABET Criteria 3
to the SKIVE elements of the epistemic frame. The criteria align most closely with most
closely with the skills, knowledge, and values elements of the epistemic frame. This
alignment is represented visually in Figure 3-5. There are eleven outcomes (a-k) included
in Criteria 3, and the colors (yellow, green, orange, blue, and gray) associated with the
elements of the epistemic frame are indicated in the legend. ABET Criteria 3 does not
align to identity or epistemology, so none of the criteria are highlighted orange or gray.
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Table 3-8 shows the elements of the epistemic frame that were synthesized from
national and local agencies. The table does show how the Massachusetts Frameworks
(labeled MAF), Engineer of 2020 (labeled 2020), and ABET Criteria 3 (labeled ABET)
relate to each of the sub-codes for S, K, and V. It includes the identity and epistemology
elements, but the development of those are described later.
The micro definitions of the sub-codes are in Tables 3.8-14. These codes are the
codes used to analyze textual lines within the transcript.

Table 3.8 Total Epistemic Frame and its Connections

Designer

Leadership

User

Teamwork

Identify Need

ED1

3e

Local
Contextual
Knowledge

Research

ED1

3e

Materials

ED4

Develop
Solutions

ED1

3e

Features Impact

ED5

Innovative

Best Solution

ED1

3e

Bridge Type

CT1

Strong work ethic

Build

ED1

3e
3k

Bridge Forces

CT2

Ethically responsible

Test Evaluate

ED1

3e
3k

Bridge Effects

CT3

Adaptable

ABET

Values V
2020

Identity I

MAF

ABET

2020

MAF

Knowledge K
ABET

Purdue 2020

MAF

Skills
S

Epistemology
E

science

d

math

cost

Creed

law

f

policy

stakeholders
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Table 3.8 continued
Communicate
Solution

ED1

Redesign

Representatio
n

3g

Adaptive Device
Examples

BT1

Entreprenuerial &
Intraprenuerial

user

ED1

3e

Adaptive Products

BT2

Curious
Persistent Learner

Decision/
evaluate
tradeoffs

ED2

3e

Materials Forces
Structures

AF1

Synthesize
MultiplePerspectives

x

i

data

AnalyticalSkill
s

x

3b

Measure Electric

AF2

Advocacy

Creed

design

Design
Problemsolving

x

3c

Ohms Law

AF3

Brainstorming

design
ed

constraint

Critique

design
ed

Reflection

Schön

Reflection

Multidisciplinarity

X

Math

X

3a

Science

x

3a

Engineering
Fundamentals

x

3a
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Skills
The skills (S) sub-codes include the eight steps of the Massachusetts Frameworks
engineering design process as separate skills (s.need, s.research, s.developsolution,
s.choosesolution, s.build, s.test, s.communicate, s.redesign, s.representation) plus two
skills from The Engineer of 2020 attributes and ABET Criterion 3. Definitions and
examples are shown in Table 3-9.

Table 3.9 Definitions for Epistemic Frame Skills Codes
SKILLS
s.need

s.research

s.developsolution

s.choosesolution
s.build

s.test

Definition
Statement reflects identification of a need or
acknowledgement of a new need based on a design
option/decision (ie., primary need, secondary need, need as
result of consequence)
Statement reflects that students have done explicit research
related to the problem or design

Example
I don’t know. You are already putting all the
pressure under the knee.

The Kindle like should have ... You know how there's
some books that show like 2 pieces of pear, or 2 bites
of pears equals 5 calories. Like stuff like that. Like 1
egg equals 60 calories, so she's going to put in
basically what she eats and then she'll get how much
calories that meal has and in the back of the booklet
it has like how much-

Statement indicates an idea for a solution or expansion of an Right here, goes by the knee, and then here
idea
goes the part and the back goes this part like
this. Hey, wait! Are we going to just put it like
this where it just slips on? We are not going to
pin it to the waist or anything?
Statement indicates a chosen solution
Yeah, let’s do that one.
Statement indicates student is building or thinking about This is too short. Are we just…Okay, we have it
building a prototype
like this. We build it like this, then put
something like that about…Like around your
left.
Statement reflects the whole prototype or part of prototype is You've got to do it. Do it, act it out.
being tested
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Table 3.9 continued
Statements are part of a presentation to a group rather than Don't let asthma get the best of you. Pump it up,
breathe in and you win. All right so Neck-ma. You
communication within their subgroup or with teacher
know a lot of people at a young age, they either
loose their asthma pump or ... they have an asthma
attack and they don't have enough time to reach and
go find their pump. So we designed a necklaces ...

s.communicate

s.redesign

s.representation
s.analyticalskills
s.problemsolving
s.reflection

Statement reflects ideas or actions related to redesigning
prototype. (Occurs after a test of design. If statement relates
to a change during a studio session, should be coded as
epistemology or values)
Statement refers to documentation through engineering
drawings or sketches.
Statement reflects student is processing and analyzing a
situation but does not conclude in a solution to a problem

THIS CODE WOULD OCCUR BEYOND THE STEPS
IN THE CYCLE

Draw this. I’m going to draw what’s on the
board isn’t finished.
If you make it into a triangle, triangle shape isn’t
going to last. What is that? Is that the base like
down on the floor?
Statement reflects identification of a problem or idea for Yeah if the knee is injured so it can’t hold it you
resolution of a problem that has been identified
have to release (take) pressure on (off) the knee.
Statement refers to demonstration of reflection by individual Yeah, I’ve thought about it.
student in a conversation but not a large group presentation
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Knowledge
Knowledge (K) sub-codes include the specific content standards from the Massachusetts
frameworks related to construction technologies, biomedical technologies, and knowledge referred
to in ABET criteria and Engineer of 2020 attributes. Again, the Massachusetts Frameworks
categories were: Engineering Design (ED), Construction Technologies (CT), Bioengineering
Technologies (BT), and Additional Frameworks (AF). Within each category, specific standards
are numbered beginning with 1. The sub-codes that come from the frameworks are shown in Table
3-10.

Table 3.10 Correspondence of Massachusetts Frameworks with Knowledge Sub-codes
Framework

Sub-code

2.4 Identify appropriate materials, tools, and machines needed to construct

k.materials

a prototype of a given engineering design.
2.5 Explain how such design features as size, shape, weight, function, and

k.featureimpact

cost limitations would affect the construction of a given prototype.
(Massachusetts Department of Education, 2006, p. 87)
5.2 Identify and describe three major types of bridges (e.g., arch, beam,

k.bridgetype

and suspension) and their appropriate uses (e.g., site, span, resources, and
load)Design and construct a bridge following specified design criteria (e.g.,
size, materials used). Test the design for durability and structural stability.
(5.3) ING
5.3 Explain how the forces of tension, compression, torsion, bending, and

k.bridgeforces

shear affect the performance of bridges.
5.4 Describe and explain the effects of loads and structural shapes on

k.bridgeeffects

bridges. (Massachusetts Department of Education, 2006, pp. 88-89)
7.1 Explain examples of adaptive or assistive devices, e.g., prosthetic

k.adaptiveexmples

devices, wheelchairs, eyeglasses, grab bars, hearing aids, lifts, braces.
7.2 Describe and explain adaptive and assistive bioengineered products,

k.adaptiveproducts

e.g., food, bio-fuels, irradiation, integrated pest management.
Brainstorm and evaluate alternative ideas for an adaptive device that will

Not coded because

make life easier for a person with a disability, such as a device that picks

this framework was a

up objects from the floor.

project.
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Table 3.10 continued
2.2

Distinguish among tension, compression, shear, and torsion, and

k.matforcesstructures

explain how they relate to the selection of materials in structures. (pg 92)
5.1 Explain how to measure and calculate voltage, current, resistance, and

k.measureelectric

power consumption in a series circuit and in a parallel circuit. Identify the
instruments used to measure voltage, current, power consumption, and
resistance.
5.3 Explain the relationships among voltage, current, and resistance in a

k.ohmslaw

simple circuit, using Ohm’s law.

The Engineer of 2020 criteria 3(a) requires students have the ability to apply knowledge of
math, science, or engineering, so three codes were created for each of those components (k.math,
k.science, k.engineering). K.localknowledge was inspired by funds of knowledge(Barton & Tan,
2009; Gonzalez et al., 2013; Moll et al., 1992), and created to reflect knowledge students may have
based on cultural or social experiences and local knowledge to various specific contexts. Table 311 shows the definitions and examples of knowledge sub-codes.

Table 3.11 Definitions and Examples of Knowledge Sub-codes
KNOWLEDGE
k.localknowledge

k.materials
k.featureimpact

k.adaptiveexamples

k.adaptiveproducts
k.matforcestructures
k.measureelectric

Statement reflects student knowledge based on context, You know how many buses go by that route?
personal experience, or knowledge not proven to have been You gonna have to put it on every bus. It’s
acquired from research conducted within the conversation
better to put something to receive the signal
from the stop sign.
Statement reflects knowledge of materials needed to Yeah, because it's like you know you said there is
a transmitter and receiver, right?
construct a prototype
Statement reflects understanding what consequences a design They have to know what the buttons are
feature will have
though.
Statement reflects reference to a currently existing product It’s just like another leg basically, but it’s not
that serves as an adaptive device
a leg kind of thing. You know how like the
fake those legs are usually when you have no
legs at all.
Statement reflects knowledge of bioengineered products (bioNOT THE FOCUS OF THE EXCERPTS USED
fuels, irradiation, food)
FOR THESE RESEARCH QUESTIONS
Statement reflects understanding of how certain materials will
NOT THE FOCUS OF THE EXCERPTS USED
respond to forces of tension, compression, shear, or torsion (or
FOR THESE RESEARCH QUESTIONS
understanding that forces affect various materials differently)
Indicates the ability to measure electric quantities (voltage,
NOT THE FOCUS OF THE EXCERPTS USED
resistance, power). Know series or parallel features.
FOR THESE RESEARCH QUESTIONS

50

Table 3.11 continued
k.ohmslaw

Indicates using Ohm’s Law correctly in context or in an
assessment situation

NOT THE FOCUS OF THE EXCERPTS USED
FOR THESE RESEARCH QUESTIONS

k.externalimpact
k.math

k.science

k.engineering

Statement reflects knowledge or mathematical understanding What if, if we had 1,2,3,4, 5 = 1,2,3, it could
be what? 2x3, 6-3, that’s 3. I need more
joints.
Statement reflects knowledge of a scientific fact, theory, or You’d still put a force in that leg.
relationship via vocabulary or reference (includes biology,
chemistry, physics)
Statement reflects knowledge of an engineering method or First, you’ve got to think about balance.
response (includes vocabulary related to constructing a
prototype or engineering components)
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Identity
Identity (I) sub-codes describes expression of identity as a designer or user based on roles
usually portrayed in engineering and design. This element was generated based on the roles that
students appeared to take while brainstorming, designing, and communicating their designs to the
larger group during studio critique. When students spoke as an active designer or as an active user
using first person, the statements were coded as such. Table 3-12 shows definitions and examples
of identity sub-codes used to code the data.

Table 3.12 Definitions and Examples of Identity Sub-codes
IDENTITY
Statement reflects role as a
i.designer designer
with
first
person
perspective
Statement reflects role as a user
with first person perspective
i.user

The transmitter is inside the
bus.
That’s what I’m
thinking.
Yeah. It tells me keep in
shape. It tells me what to eat.
There
are
Monday,
Tuesdays,
Wednesdays,
Thursdays, every week day
for breakfast, lunch, and
dinner.
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Values
The values (V) sub-codes are were selected from Engineer of 2020, ABET Criterion 3e, and the
college preparatory community creed. The sub-codes from the Engineer of 2020 attributes include
v.leadership, v.teamwork, v.communication, v.innovative, v.ethics, v.adaptable, v.entrepreneurial,
and v.lifelonglearn. The students recited a creed every day that had a line “I am my brother’s and
sister’s keeper”, and the expectation that they would advocate for others was integrated throughout
the curriculum, so there was potential that a theme of advocacy (v.advocacy) might be present.
Another line in the creed states “we are exceptional not because we say it, but because we work
hard at it,” so the community had a value of work ethic (v.workethic). The importance of
brainstorming (v.brainstorming) and critique (v.critique) in the design studio as a part of the design
process was added because of its importance as an element in the design community and design
education(Daly, Adams, & Bodner, 2012; C. Dym, A. Agogino, O. Eris, D. Frey, & L. Leifer,
2005; Colin M. Gray, 2013). Reflection-in-action and reflection-on-action are processes that occur
in communities of designers and professional engineers (Adams, Turns, & Atman, 2003; D. A.
Schön, 1995), so reflection was included as a value (v.reflection).
The values leadership, adaptability, and entrepreneurial are codes that came from The
Engineer of 2020 that I decided not to highlight for these research questions. Leadership and
entrepreneurship have extensive respective bodies of work and multiple definitions beyond
engineering. Adaptability would have been difficult to narrow enough to code considering the
nature of iterations and evolution of projects, so it was not included in the scope of this project.
Table 3-13 shows the definitions and examples of the values sub-codes.

Table 3.13 Definitions and Examples of Values Sub-codes
VALUES
v.Leadership
v.teamwork
v.communication

v.innovative

v.workethic
v.ethics
v.adaptable
v.entreprenuerial
v.lifelonglearn

Definition
*
Statement reflects working together, using
pronouns such as “we”
Statement reflects the desire or request to
explain something
Statement reflects an idea or product that could
be a first generation
Statement reflects commitment to working hard
to completion
Statement reflects a decision, idea, or action
based on ethics
*
*
Statement reflects willingness to learn something
new to accomplish task

Example
Okay, it’s a sequence with those ones. Okay, Victoria, we’re
on a roll. Always good to be on a roll.
I’m not getting that. I’m not picturing what you are talking
about.
It's this reminder pill container. It's like it reminds people like how
much pills to take and when they are supposed to take it, and it
could also be used for people who have autism [Alzheimer’s]. Like
they forget stuff.

Student A: I’m down.
Student B: The whole Saturday.
No example in the clips reviewed.

Miss, can we program the voices like sounds to say
something like words?
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Table 3.13 continued

v.advocacy

v.brainstorm
v.critique
v.reflection

Statement reflects protection or giving voice to an It could be for ... Since we are doing ... This could be easier for like
a person who doesn't have control of their arm. Think about it, if
invisible or marginalized group
you don't have control of your arms you are not able to walk and
turn on the switch.
Statement reflects openness to brainstorming or You guy's should of [have] said it [000530] has a hand sensor.

adding new ideas
Statement reflects a question of clarification or What's the point of having the screen if they cannot see it?
critique
Statement indicates acknowledgement of a That’s one of our ideas for changing it, because at first we
thought and change with reasons or responds didn’t have that. We really didn’t think about it.
positively in a large group presentation to critique
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Epistemology
“Engineering epistemology concerns practical, context-dependent as well as abstract,
supposedly context-free knowledge. It must consider questions of objectivity as well as
subjective, situation-dependent, or value-dependent questions, and it must cope with
uncertain and partial knowledge.”(Christensen et al., 2015, p. 125)
Considering the multiple dualities of the above statement, there are “ways of doings and
sayings, rules, conventions, specific tools, equipment, procedures, analytical preferences, etc., that
we recognize as part of engineering culture” (Buch, 2015, p. 130). The Epistemology (E) subcodes are actions, behaviors, or arguments that justify routines within the discipline such as
observations or evaluation of data based on science or mathematical principles, cost analysis, or
legality of ideas (Shaffer et al., 2016; Shaffer, Hatfield, Svarovsky, Nash, Nulty, Bagley, Frank,
Rump, et al., 2009; Shaffer, Hatfield, et al., 2009a; Shaffer, Hatfield, et al., 2009b). Some of the
sub-codes were adopted explicitly because of this definition, while others were developed because
of necessary interaction or relationship with components of this definition and were based on
Shaffer’s work. Based on this definition from Shaffer and colleagues, the following sub-codes
were established for this dissertation work: e.science, e.math, e.cost, e.law, e.policy, and, e.data.
Then a sub-code e.constraint was developed because the evaluation of data based on these ideas
implies constraint, and therefore acknowledgement, recognition, and negotiation of constraints.
E.user and e.stakeholders evolved from reading the user-centered design(Fogg, Cuellar, &
Danielson, 2002), human-centered design(Boy, 2012; Krippendorff, 2000, 2004), and design with
empathy literature (Colin M Gray, Yilmaz, Daly, Seifert, & Gonzalez, 2015). The sub-code
e.design was added after reading design education and design thinking literature that described
goals, processes, interactions, and examples of design across multiple contexts and age
groups(Adams, Daly, Mann, & Dall'Alba, 2011; C. J. Atman et al., 2007; Cynthia J. Atman et al.,
2013; C J Atman, Kilgore, & McKenna, 2008; T. Brown & Wyatt, 2010; Carmel-Gilfilen &
Portillo, 2010; Nigel Cross, 2001; Dorie, Cardella, & Svarovsky, 2014; Kees Dorst, 2011; C. L.
Dym, A. M. Agogino, O. Eris, D. D. Frey, & L. J. Leifer, 2005; Ferreira, Christiaans, & Almendra,
2014; Goldman et al., 2012; J. Kolko, 2010; Lande & Leifer, 2010; Mentzer, Becker, & Sutton,
2015; Schon & Wiggins, 1992).

Sub-code e.decision was created because of the evidence of

decision-making in all design processes, the literature around decisions made in engineering
design(Bouchart, Blackwood, & Jowitt, 2002; Dwarakanath & Wallace, 1995; Hatamura, 2006a,
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2006b; Hazelrigg, 1998; Marples, 1961) and decision sciences(Lehto & Nah, 2006; Lehto, Nah,
& Yi, 2012), and the opportunity the video clips provided to potentially witness the rationale
behind decisions. These codes encompass the embodiment of engineering from a practice theory
perspective where “human action is embodied, and temporally and spatially situated in material
environments” (Buch, 2015, p. 130). These sub-codes support student expression of multiple
aspects of the epistemology of engineering. Table 3-14 offers definitions and examples of the
epistemology sub-codes.

Table 3.14 Definitions and Examples of Epistemology Sub-codes
EPISTEMOLOGY
e.science
e.math
e.cost
e.law
e.policy

e.stakeholders

e.user

Statement reflects using knowledge of science to make a Yes it is, because it going to become bent at one
decision or resolve an issue
point. This will put pressure on this little line right
here. This whole little right here, see?
Statement reflects using knowledge of math to make a What if, if we had 1, 2, 3, 4, 5 = 1, 2, 3, it could be what?
2 X 3, 6 - 3, that's 3. I need more joints.
decision or resolve an issue
Statement reflects consideration of cost in decision-making
Would it be more expensive to have something
transmitting a signal or receiving a signal?
Statement reflects consideration of legal ramifications in There’s one problem, no government is willing to
decision-making
spend money to do that.
Statement reflects knowledge of contextual, local, state, or You're not allowed to wear anything around your neck
when you play basketball or other sports ... so what
national policy in generating design ideas
would you [crosstalk 000145]
Statement reflects knowledge of stakeholders beyond the No problem. The way you are building this is for physical
people. We have to look at if we are going to build it like
user and designer
that. That is the way all the wires connect, right? That's
the way all the wires connect, so then how is it going to
look physically? Are they going to be like across the
room, and then somehow connect under loop behind
the wall or something? Or they could right next to each
other so that it would be that much wire.

Statement reflects consideration of user from a third person Other than the flashing lights, oh yeah we were just
perspective
talking about the flashing lights, but they wouldn’t
be useful for the blind person.
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Table 3.14 continued
Statement reflects a decision related to evaluating a tradeoff

e.decision

e.data
e.design

e.constraint

Nevermind. It’s not gonna work. I was thinking of
something like at the bus stop we should have
buttons, but then I thought about it and like they
wouldn’t know which bus is which. Unless you
have a distinct sound for each type of bus the
buttons would be useless, so there’s no use for
buttons.
Statement reflects using data to make a decision or planning When you can check is when your leg goes up
to use data to make a decision
though.
Statement reflects generation of a design feature or We are really thinking of having 2 of them right
engineering-influenced design
here so they can give you a balance.
Statement reflects understanding a constraint in the context I feel like the doctor should program it [because
of using a design or a constraint of the design
the user may not tell the truth or manipulate the
device], and it tells then the doctor like knowing
from her weight and her height.
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Explanation of Double Codes
There are a few sub-codes which appear to be duplicates because they use the same words,
but they are applied in different contexts or lenses. These duplicate sub-codes are reflection (as a
skill, s.reflection, and value, v.reflection), and s.communicate and v.communication. The nuance
in reflection is based on when it happens. If a student reflects in a conversation with a teacher or
within their student group, it was coded as a skill.

Melanie
Uriel

Do you want to make something like this?
Mm-hmm (affirmative)

Melanie
Uriel
Melanie

Wear something like this right here?
Yeah, do you want to do this?
Yeah, I've thought about it.

s.reflection

If a student was in a large group studio critique and they reflected by acknowledging a
thought and offered reasons for a change in response to a critique, this was considered an
expression of reflection as a value within the community and the student participated as a
community member.

Melanie

Quincy
Leilani
Melanie

Quincy

[000430] I have a question ladies. Lets say so
the person is walking so does it say ... does it
lead them actually lead them. Or does it say
take a left here, take a right here.
So it would actually lead them. And then and
It's leading them and then [crosstalk 000457]
No I mean lead like it's actually [000500]
walking itself and actually moving them
along ... pulling them along. [crosstalk
000506]
Lets say ...depending on how speed that you
walk ... so yeah

Noah

I got a question. What if you put something
in your GPS and it's pulling you right and
then it slips ... does it just keep going without
you? (Laughter)

Melanie
Leilani

That's a good questions
We didn't think about it yet. Yeah

v.reflection
v.reflection
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S.communicate was coded when a student presented verbally to a large group or as part of
a presentation because it was included in the Massachusetts Frameworks as part of the design
process and students are supposed to be assessed individually. This code was prominent in studio
critiques when groups presented their ideas.

Simone

Don't let asthma get the best of you. Pump it
up, breathe in and you win. All right so Neckma. You know a lot of people at a young age,
they either loose their asthma pump or ...
they have an asthma attack and they don't
have enough time to reach and go find their
pump. So we designed a necklaces ...

S.communicate

V.communication was coded as a community value and examples of that were when
students requested something be explained to them or intiated conversation to explain something
to another individual.

This code was prominent in small group interactions as students

brainstormed and troubleshot ideas.

Melanie

I'm not getting that. I'm not picturing what
you are talking about.

Uriel

Yeah, it's going to work. I see it.

Melanie
Uriel

Tell me.
Let me know how the joint thing, because
the equation is M equals-

v.communication

Melanie

Yeah, I know, but how are you imagining it?

v.communication

v.communication

The nuance between knowledge and epistemology codes who seem similar are based on
knowing versus acting. K.math, k.science, and k.engineering are coded when a statement shows
that a student knows content, but e.science or e.math are coded when a student uses that knowledge
in an action or decision.

After the initial codebook was generated, it was sent to two external parties for review and
critique and revised to this current version.
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Examples of coded transcripts
Excerpt

Sub-codes

“We designed something called, “the neck-ma”, because when trying to s.need1,
think of what we want to do we thought whether we were going to do s.developsolution2,
kids or adults, and we said kids4. We realized a lot of kids have s.choosesolution3,
asthma, and a lot of kids don’t know where their asthma pump6 is, e.decision4,
or they lose it.1 We thought it’d be better if they had it located on v.innovative5,
them at all times so there’d be less tragedies when it comes to asthma k.science6
attacks, and stuff,2 or the neck-ma. We called it neck-ma, because it’s
a combination of a necklace and an asthma pump.3,5”
“Dude, you have a cast. You can’t just slide the cast off and then put s.problemsolving,
it back on when you are warm?”

k.localknowledge,
i.user, e.constraint

When this muscle stretches the one in the back contracts1. Like this k.science1,
muscle and this muscle move forward it contracts, and then that’s going k.engineering2,
to activate something in the other side where your leg is like cut. That is s.analyticalskills,
going to make some mechanical stuff like go forward and backward, s.developsolution,
just like a person walks.2

Coding the video clips using the engineering epistemic frame could reveal which elements
can be identified, but Epistemic Network Analysis offered the potential for a deeper view into the
existence of elements, where, and when they occurred over the process of a project. Epistemic
Network Analysis provided a lens with which to see interactions between elements of the
engineering epistemic frame, and the ability to highlight expression of elements of individual
students and within project groups.
Preparation of Data for Epistemic Network Analysis
The video was divided into individual clips of the project groups for brainstorm sessions,
bridge testing, and project presentations. The video clips were transcribed and student names were
changed to pseudonyms. Clips were separated into scenes based on project groups. There were
eleven scenes used for analysis.
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Organization of the Excel file with metadata helps partition the data into units for analysis,
often called stanzas(Shaffer et al., 2016) (Table 3-15). Activity creates distinctions between the
type of activity the conversations occur within.

These activities were smallgroup and

largegroupstudiocritique. Scene helps to distinguish various scenes of the same group or different
groups within the larger activity. Section separates the students into classes. Student is the unit of
analysis. Utterances were the raw text for the transcripts, and Codes were the micro-codes of the
developed epistemic frame.
For this project, a boundary is one of the activities of the course such as small group, large
group studio critique, or test session.

Table 3.15 Organization of Data for Analysis

Epistemo

Values

Identity

Knowled

Skills

Codes
Utteranc

Student

Section

Scene

Activity

Metadata

There were 855 lines of interaction data coded. The data was hand coded twice and then
coded into an Excel file. After the Excel file was filled with 1’s, empty cells were filled with 0’s.
The file was then saved as a .csv file and uploaded to www.epistemicnetwork.org. A data set was
generated, and then plotted with the following parameters:
•

Units:Student

•

Conversation:

•

Activity
Scene
Section
Student
Trajectories:None
o
o
o
o
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•

Binary Stanzas:

•

Mean Rotation Performed:

•

Stanza Window:

•

Codes:
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

s.need
s.research
s.developsolution
s.choosesolution
s.build
s.test
s.communicate
s.redesign
s.representation
s.analyticalskills
s.problemsolving
s.reflection
k.localknowledge
k.materials
k.featureimpact
k.adaptiveexamples
k.adaptiveproducts
k.matforcestructures
k.measureelectric
k.ohmslaw
k.externalimpact
k.math
k.science
k.engineering
i.designer
i.user
i.scholar
v.teamwork
v.communication
v.innovative
v.workethic
v.ethics
v.lifelonglearn
v.advocacy
v.brainstorm
v.critique
v.reflection
e.science
e.math
e.cost

o
o
o
o
o
o
o
o

e.law
e.policy
e.stakeholders
e.user
e.decision/evaluating tradeoff
e.data
e.design/engineering
e.constraint
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After the networks were generated, the images were exported and labeled by
student and group. Then transcripts were referenced to find quotes supporting network
nodes or connections.
Figure 3-6 summarizes the process for this research project from beginning to end.
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Figure 3-6. Research Methods Timeline
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CHAPTER 4.

RESULTS

Epistemic Network Analysis (ENA) generates a visual representation of the
connections between the epistemic frame elements and their strengths.

The visual

representation is within a two-dimensional projection space. This projection space has
been transformed from a high-dimensional space (for the five epistemic elements) into a
lower-dimensional space via of the alternative projection algorithms used in ENA. The
projection space shows each student network model as a point. This point, center of mass,
or centroid, is the mean location of the distribution of mass of the network in space (Fig 41).

Knowledge

Skill

Centroid
Epistemology
Figure 4-1. Network Model with Centroid
For any group or class, the mean of a group shows the mean strength of associations
for each pair of units in the model, represented by a square. The mean of a class section,
in this case A or B, would show where a class section is located in the projection space and
make similarities and differences visible between sections.
Each point or mean in the projection space can then be viewed as an individual
student or group network model with nodes and connections. Each node is an epistemic
frame element and the size of each node reflects its prominence in the network.
Connections are represented by lines which vary in thickness to show the strength. The
connection between any two codes in the epistemic frame is directly related to how many
utterances those codes co-occur. The proximity of nodes to each other show how closely
related those epistemic elements are to each other on a student, section, or whole class
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level. The network models for individual sections show the trends in discourse and how
the discourse within each section is unique. The network models show how similar and
different individual students’ discourses are to each other based on their proximity to each
other in the projection space. Finally, network models reveal how complete or incomplete
a student’s engineering epistemic frame is.
As a reminder, the research questions were:

1. What kinds of engineering and design knowledge can be identified and assessed
via video clips of brainstorm sessions and studio critiques using an epistemic
frame?
a. What elements of an engineering epistemic frame can be identified for
individual students from analyzing brainstorming interactions and studio
critique sessions?
b. What elements of the engineering epistemic frame were effective for
measuring students’ engineering and design knowledge?
c. How does the engineering epistemic frame align with engineering
standards, to enable assessment of the knowledge and skills included in the
standards?
d. What kinds of engineering and design knowledge are supported through in
situ learning, specifically brainstorm sessions and studio critiques?

First, I present a summary of the codes of the proposed engineering epistemic frame
found in the clips used for this research project in a frequency chart. Figure 4-2 shows
each SKIVE element distinguished by color (skills = yellow, knowledge = green, identity
= orange, values = blue, and epistemology = grey) with sub-codes delineated. The most
prominent sub-codes present were v.teamwork and k.engineering, but the skills element
was the most prominent overall element demonstrated by the students in these clips because
the majority of its codes were witnessed. All sub-codes did not occur over the course of
the clips that were analyzed.
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Figure 4-2 Summary of all instance of engineering epistemic frame subcodes (SKIVE elements distinguished
by color, Skills=yellow, Knowledge=green, Identity=orange, Values=blue, Epistemology=Grey)
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Each of the following charts show with more detail the elements of the epistemic frame
and the distribution of the sub-codes within each element. Figure 4-3 shows that students
demonstrated the majority of the steps of the engineering design process except redesign,
and that research was the least evident from the video clips. Students demonstrated the
skill of developing solution most successfully of all of the skills of the process, followed
by problem-solving, and understanding the need. Figure 4-4 shows the knowledge subcodes of the engineering epistemic frame. Students demonstrated a higher knowledge of
engineering than any other skill.
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Instances of Knowledge Sul>-codes oft he Engineering Epistemic Frame
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Figure 4-4 Frequency Chart of Knowledge Sub-codes

Figure 4-5 shows the two identities that were highlighted in this version of the
epistemic frame, and designer was a more prominent role than user.
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Figure 4-6 shows the values sub-codes in detail. Teamwork is the value most
practiced and witnessed over the course of this research project. It is followed by critique,
brainstorm, and reflection. Ethics and lifelong learning did not appear in the clips that were
analyzed. Figure 4-7 shows the epistemological sub-codes witnessed in the video clips.
Constraint, design, and user were the most demonstrated, respectively.
Instances of Values Sub-codes of the Engineering Epistemic Frame
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Now I present the results of the epistemic network analysis of the class, by group, and
by individual student. Analysis at the class level shows whether the class demonstrated
epistemic frame elements. Epistemic network models of individual students reveal what
engineering and design knowledge happens at the student level and what elements of an
epistemic frame students enact as they engage in project groups. The epistemic network
model allows for different kinds of engineering and design knowing to be visible beyond
what quizzes or design journals reflect and from interactions that may not normally be
assessed in K-12 classrooms.
What elements of an engineering epistemic frame can be identified from analyzing
brainstorming interactions and studio critique sessions?
Most of the students did demonstrate many elements of the engineering epistemic
frame. Table 4-1 shows the presence of the engineering epistemic frame elements for the
students. Approximately half of the students exhibited all of the elements of the epistemic
frame (Uriel, Melanie, Simone, Victoria, Tiaje, Paola, Quincy, Gavin, Joaquim, and
Darren), some students exhibited many but not all of the epistemic frame elements (Rae,
Optimus, Noah, Leilani, Caitlyn, Honoré, Fabienne, and Breilyn), and there were three
students that did not express any of the elements of the engineering epistemic frame (Inti,
Kingston, and Elan). Anais does not appear in the results as she did not complete the
summer program.
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Table 4.1. Demonstration of Engineering Epistemic Frame Elements
S K I

V

E

Uriel
Melanie
Rae
Simone
Optimus
Noah
Victoria
Tiaje
Paola
Leilani
Quincy
Gavin
Joaquim
Darren
Caitlyn
Honore
Fabienne
Breilyn
Inti
Kingston
Elan

The individual student network models discussed later in the chapter will show more detail
about the depth of each student’s expression of each of the engineering epistemic elements.
Before visualizing the connections, there are 46 nodes in this engineering epistemic frame.
The nodes for skills associated with the design process (s.need, s.problemsolving,
s.research, s.developsolution, s.communicate) appear to be closer to the center of the x and
y axes whereas values nodes tend to be farther away from the origin. Many of the nodes
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are in such proximity to each other that they are hard to distinguish, such as e.policy and
k.localknowledge,

k.adaptiveexamples

and

e.design/engineering,

e.data

and

s.representation, and v.lifelonglearn and i.designer.
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Figure 4-8 Nodes of the Epistemic Frame

The mean (green point) for the class is located at the center of the x-axis and y-axis
in the projection space. This indicates that as class, students made connections across
epistemic frame elements that fall on opposite axes equally. For example, connections to
values of brainstorm, communication, and innovation (upper left side) and teamwork and
critique (lower right side).
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(20%)

~nie

.Tiaje

.auincy
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.Victoria

.Darrer<?avi

.Rae
1

f abienne
Figure 4-9 Networks of individual students by section
(Red =Section A, Blue =Section B)

Figure 4.9 shows the mean for the class (Data 1) and the centroids of the networks
of the individual students with a distinction by section. Points to the upper left correspond
to network models of students who made decisions based on science and
design/engineering. Points to the lower left correspond to network models of students who
use knowledge of science or local knowledge in how they develop solutions. Points to the
upper right correspond to network models of students who made connections using
knowledge of engineering. Points to the lower right correspond to network models of
students who exhibit the values of teamwork and critique.
The variance (numbers in parentheses) after the axis labels indicate the total amount
of variance among network models in the ENA set that is accounted for by each dimension.
The x-axis will be considered the values dimension, or the communication-teamwork
dimension, and accounts for 23% of the variance in discourse patterns. The y-axis, or
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knowledge of science-design epistemology dimension, accounts for 20% of the variance
in discourse patterns.
Of note, each network shows connections in a multidimensional space, sometimes
making them difficult to read as their complexity increases and because nodes can be close
in proximity or appear to overlap. The nodes are identified by their sub-code, and
sometimes their respective labels overlap. The nodes range in size, and the lines between
nodes representing strength of connections vary in thickness, as shown in Figure 4-10, a
zoomed in area of the bottom right quadrant of the next image, Figure 4-11. V.teamwork
is larger than v.critique. The line from v.critique to v.teamwork is much thinner than most
of the lines leaving v.teamwork.

0

Figure 4-10 A zoom of the bottom right quadrant of the mean network (Fig. 4-11), showing
examples about connection line thickness and varying node sizes.
Each network to follow will have accompanying descriptive text that identifies the
most prominent nodes and the strongest connections within that network.
Figure 4-11 shows the mean network of the combined class. The prominent node
for the class is s.need, followed by k.featuresimpact, highlighted by red arrows in the image
below.
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Figure 4-11 Mean Network of Whole Class

Figure 4-12 shows the six largest nodes and their network connections. The six
largest nodes are s.need, k.featuresimpact, v.teamwork, k.engineering, s.problemsolving,
and k.localknowledge. The images for the mean network were miniaturized so that
relationships and connections could be highlighted and shown together. Figure 4.12
highlights the connections of the six largest notes with purple lines.
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Figure 4-12. Class Mean Equiload of with Connections of Largest Nodes
Highlighted
(top left) s.need, (top right) k.featuresimpact, (middle left) v.teamwork, (middle
right) k.engineering, (bottom left) s.problemsolving (bottom right) k.localknowledge

79
Individual Student Networks
Now that we have looked at the whole class and class sections A and B, we will
look at individual students. Individual student networks will help illuminate the differences
seen between section A and section B and show how the section network models were
formed. As we look at student network models, we are able to see how Epistemic Network
Analysis creates an opportunity to assess learning that typically occurs at the student and
group level. Section A is presented first, followed by Section B. Individual students are
presented, followed by their fellow project group members, and then a visualization of the
project group with student networks uniquely identified.

Uriel

Figure 4-13 Uriel

The largest node in Uriel’s network is e.design, which is connected to
k.engineering, the second largest node and strongest connection in the network. He
demonstrates all five of the engineering epistemic frame, but some more than others. The
largest nodes fall in the skills, knowledge, and epistemology categories with fewer in the
values and identity categories. Uriel practices epistemology by using math, science, and
constraints to make decisions. The values Uriel does exhibit are v.innovation, v.teamwork,
and v.reflection.
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Melanie
pies
k.ma forcestructu-es

Figure 4-14 Melanie

Melanie’s largest node is s.problemsolving, followed by v.teamwork and
e.constraint. Melanie expresses all five SKIVE elements of the engineering epistemic
frame. She has strong connections between e.science and k.engineering, e.design and
s.developsolution, and many other pairs. Melanie also has strong expressions of values
epistemic elements such as v.communication, v.critique, v.reflection and makes decisions
based on considerations of stakeholders (v.stakeholder) and users (v.user).
Melanie has foresight into problems and concerns of stakeholders and users as they
design, as opposed to after they design like some of the students (Rae and Simone). She
says:
No problem. The way you are building this is for physical people. We have to look
at if we are going to build it like that. That is the way all the wires connect, right?
That's the way all the wires connect, so then how is it going to look physically? Are
they going to be like across the room, and then somehow connect under loop behind
the wall or something? Or they could right next to each other so that it would be
that much wire.
She does, however, demonstrate understanding of how switches work in one of the
brainstorming session:
Melanie:

We'll have to treat them [separate], so if you have one switch here
does it turn on both of them?

Uriel:

Yes, when the switch is off the thing cannot [inaudible 00:00:26]
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Melanie:

Is this switch able to like turn one on, and leave the other off.

Uriel:

I think we need 2 switches for that.

Melanie:

You want to do 2 switches, because like think about it. If we actually
have something like that somebody comes in the room, and they turn
on the switch the alarm's going to be on all the time with the light.

Uriel:

Yeah.

Melanie:

We need to kind of have 2 switches.

Uriel:

How is that switch going to work? Like if you open the door the
light goes on. I mean how's will the other switch interact?

Melanie:

No, it goes like this. If you open the door with one switch and then
lights go on and the same thing for the other switch. If you open the
door the alarm goes off, but it's not like, because then if you close
the door the lights will go off. No, but the other we can make the
switch for the alarm be activated by the door. We have to make it
like, we could do it like alight switch.
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Figure 4-15. The Mechanical Leg Project Group Networks
(Melanie in purple, Uriel in red)

When you look at the networks for Uriel and Melanie in the same space, it
appears that they both have strong expressions of e.design, k.engineering, v.teamwork,
e.constraint, and e.science, but they both demonstrate the majority of the skills in the
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design process, identify need, develops solution, choose solution, build, and
communicate (per the state framework and based on how the length of the program
allowed time for iteration and redesign). Uriel expresses greater local knowledge to the
group, but Melanie adds the values around communication within the team, critique, and
considerations around stakeholders.
Rae

Figure 4-16 Rae
Rae has larger nodes of v.innovative and s.build in her network, but most of her
network connections are of the same strength. She actually has two separate networks
visible, one including k.featuresimpact, v.reflection, and i.designer, and a network
including all the other nodes. After reviewing the transcripts of the video clips from the
studio critique, Rae reflected as a designer about the impact of features for her own project
and others, but she did not generate answers to the critiques of the NeckMa spontaneously
as part of her presentation. She expressed knowledge of engineering, but she had not
expressed any epistemologies of engineering at that point in the summer program, therefore
only exhibiting S,K,I, and V elements of the engineering epistemic frame.
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Simone
v.reflection

•
s.build
•

Figure 4-17 Simone
Simone has a largest node located at s.choosesolution, which is connected at the
same strength to v.teamwork, k.science, and s.need. She demonstrates all S, K, I, V, E
elements of the engineering epistemic frame. She expresses skills of the design process
and values more than the other elements of the epistemic frame.

Figure 4-18. NeckMa Project Group Combined
Networks (Rae in purple, Simone in pink)
When you look at the NeckMa project group member networks combined, the
overlapping skills and individual strengths within the engineering epistemic frame are
visible. Both young ladies had local knowledge, developed solutions, had a prototypebuilding focus and valued teamwork.

Simone expresses more diverse skills and

knowledge, while Rae had engineering knowledge and expressed design process skills and
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different values. Simone presents more of an identity as engineer or designer than Rae
because Simone talked more in their presentation during the studio critique, but Rae offered
brainstorms in the studio critique to other groups. Rae and Simone appear in video clips
of their presentation to the teacher and large group studio critique, but no brainstorming
sessions.
Noah

.critique

Figure 4-19 Noah
Noah’s network shows that he expresses the S, K, V, and E elements of the
epistemic frame. Noah’s largest node is v.critique and its strongest connection is to
k.featureimpact. This network image reflects what Noah did most of the summer program,
critique the features of any given design using his local knowledge and analytical skills.
Without his critique in studio critique 1, some of the designs would have continued with
blind spots to constraints or policies. An example of his critique using local knowledge
occurred with NeckMa, evidenced by the quote exchange below:
Simone:

Question?

Noah:

You're not allowed to wear anything around your neck when you play
basketball or other sports.

Rae:

I know.
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Noah:

So what would you-

Rae:

Would [or when] you pass the finish line?

Noah:

So what if it happens before then?

Rae:

That's a good question.

Simone:

Yeah, mean,
I
it's not perfect for everybody. Athletes was just anexample.

Optimus

emsolving

solution
localknowledge
Figure 4-20 Optimus

Optimus has five nodes in his network and all of the connections are of the same
strength. He expresses S, K, and E elements. His network is mostly located in the –X
dimension, and he expresses no identity as a user or designer, knowledge beyond local
knowledge, or values.
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.critique

Figure 4-21 ClimateCast Project Group Combined
Networks (Optimus in Red, Noah in Blue)

From viewing their combined networks, Noah and Optimus both have
demonstrated skills in problem-solving, practiced epistemology of considering constraints,
and used local knowledge more extensively than any science, math, or engineering
knowledge. Neither of them expressed much identity as a designer or user, but Noah
demonstrated the epistemic element epistemology around the user’s need or concerns.
Noah was more of a critic than a solution generator like Optimus, as Optimus generated all
of the ideas captured on video for the group. Perhaps this imbalance provides insight into
why this duo did not produce a prototype and demonstrate more of the skills in the design
process. The video clips of Noah and Optimus included presentation of the idea to the
instructor and their participation in the studio critique only.
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Figure 4-22 Tiaje

Tiaje’s largest node is k.featureimpact, and its strongest connection is to
e.design/engineering. Tiaje’s network spreads across all dimensions of the epistemic
frame, and he expresses S, K, I, V, and E elements of the epistemic frame. The skills
elements dominate the network, followed by knowledge and values elements. He values
teamwork and reflection. In the studio critique, Tiaje takes the lead in the team in
responding to questions and generating spontaneous design revisions or communicating
features that have already been considered.
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Victoria
ngineering

Figure 4-23 Victoria

The visual for Victoria looks like two separate networks, and all of the connections
are of equal strength. Victoria expresses S, K, I, V, and E epistemic frame elements.
Paola
• e.design / ngineering

. e.user
. v.advocacy
.•
• · Stgner

Figure 4-24 Paola

Paola expresses S, K, I, V, and E epistemic frame elements. The network for Paola
shows e.design/engineering and v.advocacy as the two largest nodes. The majority of her
connections are of the same strength. Paola does not express any explicit knowledge of
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engineering from the network, but she expresses an epistemology of engineering and
design in her interactions.

/ ngineering
sieflection

Figure 4-25. Deaf Bracelet Project Team Combined Networks
(Victoria in Green, Tiaje in Orange, Paola in Blue)

When the networks for Victoria, Tiaje, and Paola are combined, the prominent
nodes of the group are e.design/engineering, k.featuresimpact, s.need, s.developsolution,
v.teamwork, and k.engineering. Tiaje leads the group in the epistemology of design and
engineering and reflection as he leads the group in responses to questions during the studio
critique. As a group, they demonstrate more skills elements than knowledge, identity,
values, or epistemology elements.
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Leilani
v.reflection

Figure 4-26 Leilani

Leilani has a network of only five nodes with connections of equal strength. She
expresses S, I, and V elements of the epistemic frame. Her network does not reflect any
epistemologies and only one skill. It is dominated by identity and values epistemic
elements. This is perhaps because she does not appear in any brainstorm or presentation
video clips and only in the studio critique.
Quincy

Figure 4-27 Quincy

The largest nodes in Quincy’s network are e.design/engineering, followed by
v.reflection. The other nodes appear to be the same size. Quincy has a network where the
majority of the network connections have the same strength. She exhibits S, K, I, V, and
E elements. It should be noted that Quincy is one of the most recent immigrants to the
country so her communication (verbal and written) skills present a challenge, making her
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very soft spoken and shy. She would not volunteer to be videoed if she did not have to be,
but she would participate in large group presentations such as the studio critique.

.user

Figure 4-28. Walking GPS Group Networks Combined
(Leilani in Yellow, Quincy in Blue)

Quincy and Leilani’s combined networks do not show large shared nodes like the
other project groups. Both Quincy and Leilani showed reflection when the students
critiqued their project, but neither of them spontaneously came up with redesign ideas
during the studio critique.

The scenario is presented below (Moses is a program

administrator visiting for presentations):
Moses:

So wait, wait, wait, wait. So can the blind person see the GPS or the
GPS just guides them?

Leilani:

No, the GPS is telling them.

Moses:

So what is that thing right there?.

Quincy:

That's the GPS

Moses:

What is it?

Leilani:

That's the screen.

Noah:

Yeah, what's the point in having a screen if they can't see it?

Quincy:

Well, nothing, but, [LAUGH]

Leilani:

Nothing [LAUGH]
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Simone:

All right. In case they're with aperson that can see.

Quincy:

Yeah, yeah, the person can see. [LAUGH]

[LAUGH]
Leilani:

I'm dying.
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Figure 4-29 Darren

Darren’s network largest node is s.need. His network connections are spread
around knowledge of engineering and science and epistemology of design. Darren exhibits
S, K, I, V, and E elements of the engineering epistemic frame. He has no nodes in the
lower right quadrant of the projection space. He identifies a need and responds to multiple
constraints and how the features of his device impacts the user. For instance, his device is
for an Alzheimer’s patient (though he doesn’t consistently use the right label, sometimes
saying autism but his descriptions of the patient never reflect attributes of autism), he
considers how others without Alzheimer’s could use the product or potentially makes
assumptions about the age and complicated health status of Alzheimer’s patients. He
builds in multiple features to address lack of attention, hearing, vision, manual dexterity,
and potential to overdose. His presentation of his idea to the instructor demonstrates these
considerations in the following quotes:
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Darren:

Then it will also vibrate and make sounds just to remind them so like if
they have it on them they will feel it vibrating and be like, “Oh, it’s time
to take my pills.” If they don’t have it under their head it says, “Oh, it’s
time to take my pills.” Yeah, it just reminds them, and inside the bottle it
has this tube, because it prevents them from overdosing on pills. There
will be this tube that picks up like let’s say you are supposed to take 3 pills
at a certain time. There will be a tool that picks up only 3 pills when you
go to open only 3 pills will come out.

…
Darren:

Let’s say they are supposed to take this pill at 8:00 o’clock in the morning.
They will be like, if it’s 3 different pills like heart pill, arthritis pill, and
diabetes there will be 3 different sections in the bottle. I don’t know
what size it’s going to, but it will be like really big so at 8:00 whatever
time it will take the pills only for the diabetes and give it to them. If he’s
supposed to take the heart pills at 9:00 it will take the heart pills and give
it to them, so the[y] don’t take pills they are all being sequenced.

It should be noted that Darren works alone on his project, so there was less
opportunity to identify the teamwork value in his experience. When Darren presents in the
large studio critique, he operates as both designer and user in ascenario presentation.
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Figure 4-30 Gavin

Gavin has awide network with multiple nodes and multiple connections. There is
no prominent node, and the majority of the connections are of the same strength. His
network displays S, K, V, and E elements and a smaller instance of I. Transcripts of the
brainstorm session reveal Gavin uses his local knowledge to propose ideas for the design
as he identifies constraints to the context and their current design through critique.
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Figure 4-31 Joaquim

Joaquim’s network has a prominent nodes e.constraint, k.localknowledge, s.need,
and e.user, but network connections of the same strength. He exhibits S, K, I, V, and E
elements of the engineering epistemic frame.

His network is weighted toward

epistemology as he considers costs and constraints of dealing with the public officials and
city planning stakeholders, but he has knowledge of engineering and science. He exhibits
values of teamwork, work ethic, and brainstorming. The exchange below highlights
knowledge of engineering and work ethic:
Joaquim:
Facilitator:

Gavin:
Facilitator:
Joaquim:
Gavin:

Miss, can we program the voices like sounds to say something like
words?
You can model that. I don’t know that we have time to program that. It is
doable. I just don’t know if you’ll have time, unless you want to stay up
all night, for 1 night.
The whole night?
Mm-hmm (affirmative)
I’m down.
The whole Saturday.
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Figure 4-32 Gavin Blue Joaquim Red

As a team, Gavin and Joaquim exhibit more skills, knowledge, values, and
epistemology than they do identity. They share nodes of k.engineering, v.brainstorm,
e.cost, v.workethic, s.developsolution, s.problemsolving, and s.choosesolution. Joaquim
uses his knowledge of science and epistemology of using data to make decisions. Gavin
applies analytical skills to local knowledge and engineering as he considers constraints for
the user, evidenced in the following quote:
Joaquim:
You mean you are trying to incorporate 2 designs in 1? [9:00]
Yeah, because it’s like you know you said there is a transmitter and
receiver, right? We are going to not only just sound so he can hear it, but
also like let’s say if the street is too noisy, and he can’t hear it, there
should be something specifically designed for him to hold so like ... I
know what I’m saying
Joaquim:
To hold? What do you mean?
Gavin:
Yes, to hold. So like if it goes by instead of hearing it only, you know so
like feel it.
Joaquim:
What if it’s twenty (?) blind people at the bus stop?
Gavin:
I got that.
Joaquim:
I think we should make a distinct sound.
Gavin:
A distinct sound?
Joaquim:
Yeah, I think automate, so how to have that, and then even put like the
instructions of it in braille, or something like that on demo.

Gavin:
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Caitlyn

i.user

. k.science

Figure 4-33 Caitlyn

Caitlyn’s network has a majority of the nodes on the –X dimension. The network
connections are all of the same strength. She exhibits S, K, I, and E elements, but no values
elements. From the project idea presentation to the instructor, Caitlyn focused on the
constraints of the design to influence a behavior and the vulnerability of the design if other
stakeholders were not involved, such as doctors who could program the weight
management device.

The i.user and s.communicate likely come from the scenario

presentation during the studio critique.
Honoré

v.teamwork

• k.science

Figure 4-34 Honoré
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Honoré is has a network of only four nodes and all of the connections between them
are of the same strength. She exhibits S, K, V, and E elements of the engineering epistemic
frame. Honoré does not participate in the studio critique scenario with her group, so there
is no transcript for her from that scene. The only scene this network could be generated
from was the presentation of the project idea to the instructor.

Brielyn
.engineering

Figure 4-35 Breilyn

Brielyn has asimple network of three nodes with connections between them of the
same strength. She exhibits K and I elements of the epistemic frame, but no values,
epistemology, or identity. Brielyn does not have many utterances in the video clips for her
project group and she acts as a user or stakeholder in the skit to present her project to the
class. As an actor, there is less opportunity to show epistemology when she responds to
questions and critiques.
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Fabienne
I

i.designer

Figure 4-36 Fabienne

Fabienne is not present in any brainstorm or project presentation to the instructor
video clips, so her only appearance in the transcripts is in the studio critique. She presents
the design with her partner Elan in a skit where she is the designer and Elan is the intended
user. Her connection in this network is based on that presentation and her use of local
knowledge (or previous knowledge without complete accuracy in vocabulary) when she
refers to braille as the “blind language.” She only exhibits K and I elements of the
epistemic frame.
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Kingston, Inti, and Elan

Figure 4-37 Kingston, Inti, and Elan

Kingston, Inti, and Elan are present in video clips, but none of their utterances were
coded or had co-occurences to make connections or generate a network model. All three
of these students were participants within the studio critique for their respective project
groups, but Inti, Elan, and Kingston were all users or actors in skits with few utterances.
Their interactions from conversations did not reflect any connections within the epistemic
frame.
These three students might have different networks if interactions from other
projects were analyzed.
Summary
In summary, the majority of the students demonstrated all of the elements of the
engineering epistemic frame to varying extents, and a few exhibited most of the elements
of the engineering epistemic frame, but all of the students did not demonstrate all of the
elements of the epistemic frame. A few of them did not exhibit any of the elements of
the engineering epistemic frame. The class had a mean in the center of the x-axis and yaxis, showing that when the sections were combined they generated balanced connections
across dimensions. The skills of the design process the class exhibited as prominent
nodes were around defining the need, problem solving, and developing a solution. When
looking at sections separately, Section A made more connections to engineering
knowledge and the epistemology of design as they solved problems. Section B used
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science knowledge to develop solutions and highly valued critique. Teamwork and local
knowledge were popular within the class as a whole. The next chapter presents more
discussion of these findings, including possible explanations for the across-section
differences, as well as implications of these findings.
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CHAPTERS.

DISCUSSION

In this chapter, we will discuss the results, reflect on the implications of the study,
and identify trajectories for future research. As a reminder, the research questions were:
1. What kinds of engineering and design knowledge can be identified and assessed
via video clips of brainstorm sessions and studio critiques using an epistemic
frame?
a. What elements of an engineering epistemic frame can be identified for
individual students from analyzing brainstorming interactions and studio
critique sessions?
b. What elements of the engineering epistemic frame were effective for
measuring students’ engineering and design knowledge?
c. How does the engineering epistemic frame align with engineering
standards, to enable assessment of the knowledge and skills included in the
standards?
d. What kinds of engineering and design knowledge are supported through in
situ learning, specifically brainstorm sessions and studio critiques?
Summary of Findings
Individual Student Network Models
Most of the students did demonstrate many elements of the engineering epistemic
frame. Approximately half of the students exhibited all of the elements of the epistemic
frame, some students exhibited many but not all of the epistemic frame elements, and there
were three students that did not express any of the elements of the engineering epistemic
frame. Inti, Kingston, and Elan have no nodes or connections based on the ENA with the
parameters used. As individual students, they did participate in class, enter design journal
entries, and complete other projects. They also completed quizzes and the final exam.
Further investigation will have to determine if they have no epistemic network because
they have few utterances in the clips analyzed related to this project. It should be reiterated
that this research used brainstorming clips and studio critiques for one of the three projects
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from the summer. Their participation in the other two projects may have been different
than the medical device project. Optimus, Noah, and Honoré did not express the identity
(I) element of the epistemic frame. Optimus and Noah did not present a first-round
prototype, so they have no studio critique presentation as designers, and thus, no “I” or
“we” statements from a group discussion. Caitlyn and Optimus do not express values in
video clips, but that does not mean that they did not express any values throughout the
class. Leilani does not exhibit knowledge or epistemology in video clips because she is
only captured speaking during the studio critique, and those short clips did not reveal either.
Rae does not express epistemology in video clips of the studio critique, and the clip of her
description of her project is less a brainstorm session and more a presentation of the idea
to the instructor.
Engineering Epistemic Frame
The engineering epistemic frame was developed with considerations of the local
state standards and expectations from the higher education institutions and national
accreditation agencies engineering undergraduate outcomes. It was designed to include
accreditation requirements because many undergraduate engineering educators are
motivated by accreditation in how they develop course outcomes (Turns, Cardella, Atman,
& Martin, 2007), and K-12 should lay a foundation for undergraduate engineering success.
Therefore, assessment must include objectives broader than local standards at the K-12
level. The engineering epistemic frame developed for this study was applied to one project
in an “applied science” or engineering course for rising high school seniors. I will now
discuss how effective the frame was for identifying skills, knowledge, identity, values, and
epistemology.
Skills
The epistemic frame was effective for identifying skills of the design process from
the Massachusetts frameworks(Massachusetts Department of Education, 2006) and ABET
Criterion 3b. Identify the need, research the problem, develop possible solutions, select
the best solution, construct a prototype, and communicate the solution, representation,
analytical skills, and reflection were the skills evident from the brainstorm sessions and
studio critiques. Test and evaluate and redesign were less evident because the projects
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only went through the life cycle of one prototype. The timing of the course, length of the
summer program, and design of the curriculum to have multiple projects meant the design
process did not complete multiple cycles, ending after studio critique #1. Figure 5-1 shows
the stages of the design process that students were able to complete over the course of the
summer for each project. Studio critique #1 happened after Build a prototype, so a future
project must be designed that allow students to participate in multiple iterations and designs
as typically there are at least two critiques for each project(Ruchhoeft et al., 2004b). The
green arrows and colored circles show the progress completed, whereas the grey arrows
and black circles show the uncompleted stages.

Identify Need

Research
Problem

Redesign

Develop
possible
solutions

Test and
evaluate

Studio
Critique #1

Communicate
the solution

Choose best
solution

Build a
prototype

Figure 5-1 Design Process Stages Completed by Students
The epistemic frame often provided more insight into students’ skills than the
traditional assessments. The quizzes and final exam only required students to list the steps
of the design process, showing whether they remembered the stages, but not actively
demonstrate those stages. Some students demonstrated reflection in the brainstorming
sessions and studio critiques at a deeper level than the written reflections they submitted at
the end of the summer.
Knowledge
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The epistemic frame supported identifying expressions of knowledge and
understanding of mathematical, science, and engineering concepts from the state
frameworks and previous knowledge that students relied upon to complete their projects.
Within the brainstorm conversations and studio critiques, students revealed knowledge
with appropriate vocabulary (and sometimes approximate vocabulary) and local
knowledge that influenced design decisions. Acknowledging that the majority of the
students were English Language Learners who still had challenges finding the right words
to communicate in conversation, we recognized that scientific vocabulary presents another
obstacle. Therefore, approximate vocabulary was considered in interactions but not on
traditional quizzes or the final exam. An example of approximate vocabulary would have
been Uriel and Melanie used the word “pressure” to describe the force the knee put on a
certain spot of their prototype. They did not mean pressure that could be measured by psi,
but force. Another example of approximate vocabulary would have been when Paola used
“blind language” when others had used braille at other conversational points. These
instances were coded as knowledge. In this manner, the epistemic frame provided a
flexibility for assessment that quizzes and tests or design journal entries without supporting
images does not.
Identity
Analysis via the engineering epistemic frame supported witnessing students enact
their identity as a user or a designer/engineer. The way this element was coded, student
identity was derived from their first person “I” or “we” statements in context of explaining
a prototype and responding to questions or critiques. The interactions revealed them doing
rather than saying or describing how they identified or felt.
The epistemic frame of identity is limited in this project, but as this epistemic frame
evolves, identity should be expanded. Taking into consideration the ways identity can be
constructed and defined, the frame must be constituted to complement the top-down and
bottom-up approach of other aspects of the engineering epistemic frame. Particularly in
the development as an engineering student, identity is critical to selection as a career and
persistence in the major and field(Craig, 2013; Pantoya, Aguirre-Munoz, & Hunt, 2015; K.
Tonso, 2006; K. L. Tonso, 2015). Because of this, evolution of engineering identity from
elementary through middle and high school is important. Research shows that engineering
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identity can be influenced by design-based tasks(Capobianco, Deemer, & Lin, 2017).
Engineering identities are developed within communities of practice(Aschbacher, Li, &
Roth, 2009; Capobianco et al., 2017), leading to “identities of practice”(Lave & Wenger,
1991, p. 3). Engineering students at the college level use three criteria as benchmarks for
becoming a professional engineer: (1) tangible markers such as a degree, title, or license,
(2) external approval such as job assignments, or (3) internal qualities such as technical
competence or work ethic(Loui, 2005).

Future research could investigate what

benchmarks high school students use as they develop their engineering identity, and if the
frame is to be applied in a context of elementary and middle school students, milestones
in identity development must be included.
Upon review of the literature, engineering identity has multiple definitions.
Engineering identity is collective identity, and can be conceived from developmental and
sociocultural perspectives(K. L. Tonso, 2015). Engineering identity is “derived from a
combination of other aspects of identity, perceptions of self or the profession, comprises
cognitive, affective, and performance variables, and is defined by specific actions one takes
or decisions one makes” (Morelock, 2017, p. 1246). Yet, if we extrapolate from one
science identity definition (Brickhouse, 2001), engineering identity could be defined as
“who students are, what they believe they are capable of, and what they want to do and
become in regard to science”(as cited in,Aschbacher et al., 2009, p. 566). This would be
the chosen initial definition of identity for the next iteration of the epistemic frame, and
literature and context would guide its structural sub-codes.
Values
The epistemic frame video clips were effective spaces to find evidence of many
values of the engineering and design community of practice. Analysis via epistemic frame
revealed instances of student ability regarding brainstorming, communication, ethics, work
ethic, advocacy, lifelong learning, teamwork, and critique. The epistemic frame broadened
the ability to assess these values when compared to the traditional assessments of quizzes
or design journals. Beyond the project task requiring recognition of a need and having
empathy, advocacy would have been harder to assess because there were no quiz items or
final test questions related to advocacy. Static assessments are limited snapshots (or
predictors) of work ethic because they only reflect the work done to complete the finite
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questions or tasks. Teamwork would have otherwise been assessed via student reflections
or teacher observations and it would have been on the group level rather than the student
level. The epistemic frame allowed researchers to see the quality of teamwork because of
the conversations student members had. In addition to the ability to see the instances of
brainstorming and critique, the epistemic frame does allow for qualification of the values
because it would allow for weighted codes. After review of the transcripts, the critique
was often more than a simple question. “The critique [was] generative; it [didn’t] simply
offer response to what is shown but also produces new ideas for further iterations” (Jon
Kolko, 2011, p. 2). The class would engage in ideation and suggestions for addressing
concerns, if the course had been long enough for multiple prototypes, we would have been
able to identify which ideas from critiques appeared in progressive prototypes.
Epistemology
The epistemic frame captured the epistemological actions of students over time.
Students did use science, math, law, policy, stakeholder consideration, and made tradeoffs.
Gavin and Joaquim debated cost and city planning. Noah used his local knowledge of high
school athletics policies to inform his critique. Melanie was clear in the brainstorm that
she and Uriel had to think about the “real people” and structures where their first idea
would have to be installed. Kington, Caitlyn, and Honoré knew their design was vulnerable
to abuse or manipulation by the end user. Darren considered the stakeholders of doctors
and pharmacists in the cycle of treating a disease. Often epistemology was connected to
knowledge, and students expressed them together. In a future iteration of this engineering
epistemic frame, I would consider including empathy(Colin M Gray et al., 2015; Walther,
Miller, & Sochacka, 2017) as an expression of engineering epistemology.
Connection to Next Generation Science Standards (NGSS)
To appropriately use the framework developed for this project in any other context,
it will need to address the proliferation of the Next Generation Science Standards (NGSS
Lead States, 2013d) throughout states across the country and how it will or will not
complement NGSS.
When this data was collected, the Next Generation Science Standards (NGSS) were
still being developed. Although Massachusetts was one of the Lead State Partners that
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helped develop the Next Generation Science Standards, the state itself had not adopted the
Next Generation Science Standards at the time of data collection, analysis, or composition
of this document. In fact, Massachusetts updated its Science and Engineering Frameworks
in 2016(Massachusetts Department of Elementary and Secondary Education, 2016) after
Next Generation Science Standards were complete and had been adopted by other states.
Though Massachusetts uses its own Science and Engineering Frameworks, many states
have adopted NGSS.
In this project, the Skills (S) and Knowledge (K) elements of the epistemic frame
were contextual, but the skills and knowledge elements can be adapted to any local
classroom context. The Identity, Values, and Epistemology elements can be revised or
remain the same. In order to make this epistemic frame complementary to NGSS, I aligned
the epistemic frame with NGSS Science and Engineering Practices (Appendix G) as the
practices were derived based on “analysis of what professional engineers do” (NGSS Lead
States, 2013a, p. 2). Table 5-1 shows how the NGSS practices align with the engineering
epistemic frame developed for this project.
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Table 5.1 Alignment with Next Generation Science Standards
Epistemic Frame Element
S

K

I

V

NGSS “practices”
E

S
S

K

S

E
E

S

K

S

K

S

K

E

S

E

S

E

1-Asking Questions and
Defining problems
2-Developing and using
models
3-Planning and carrying out
investigations
4-Analyzing and interpreting
data
5- Using Mathematics and
Computational Thinking
6-Constructing Explanations
and Designing Solutions
7-Engaging in argument from
evidence
8-Obtaining, evaluating, and
communicating information

Most of the practices align with the epistemic frame as skills (S), knowledge (K),
or epistemology (E), and less with identity (I) or values (V) based on our operational
definitions in Table 3-6. NGSS does not have a focus on identity (I) in its outcomes that
we could identify, so this epistemic frame casts a wider berth for analysis. Appendix F of
the Next Generation Science Standards offers very specific rationale for the practices. A
few of the practices have similar language to the Massachusetts state frameworks we used
to design our epistemic frame. Those are practices 1, 4, and 5. Yet, we highlight the
practices (2, 3, 6, 7, and 8) that have different language than the Massachusetts
Engineering/Technology Framework with excerpts below:
2-Developing and using models
In engineering, models may be used to analyze a system to see where or under what
conditions flaws might develop, or to test possible solutions to a problem. Models
can also be used to visualize and refine a design, to communicate a design’s features
to others, and as prototypes for testing design performance. (NGSS Lead States,
2013a, p. 4)
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3-Planning and carrying out investigations
The purpose of engineering investigations might be to find out how to fix or
improve the functioning of a technological system or to compare different solutions
to see which best solves a problem…. state the goal of an investigation, predict
outcomes, and plan a course of action that will provide the best evidence to support
their conclusions. Students should design investigations that generate data to
provide evidence to support claims they make about phenomena”. (NGSS Lead
States, 2013a, p. 5)
6-Constructing Explanations and Designing Solutions
“Designing solutions to problems is a systematic process that involves defining the
problem, then generating, testing, and improving solutions”(NGSS Lead States,
2013a, p. 11).
7-Engaging in argument from evidence
“In engineering, reasoning and argument are needed to identify the best solution to
a design problem”(NGSS Lead States, 2013a, p. 13).
8-Obtaining, evaluating, and communicating information
Being able to read, interpret, and produce scientific and technical text are
fundamental practices of science and engineering, as is the ability to communicate
clearly and persuasively. … Scientists and engineers employ multiple sources to
obtain information used to evaluate the merit and validity of claims, methods, and
designs. Communicating information, evidence, and ideas can be done in multiple
ways: using tables, diagrams, graphs, models, interactive displays, and equations
as well as orally, in writing, and through extended discussions. (NGSS Lead States,
2013a, p. 15)
After reviewing the practices, I reviewed engineering design standards to see how
they compared to our engineering epistemic frame. The developed engineering epistemic
frame aligns with all the NGSS engineering design standards except HS-ETS1-2 and HSETS1-4(NGSS Lead States, 2013a). It does not align with ETS1-2 because my epistemic
frame does not stipulate that problems must be broken down into smaller problems, and
my frame does not align with HS-ETS1-4 because my epistemic frame is not specific about
using a computer simulation for modeling. Table 5-2 shows which engineering epistemic
frame elements align with the four NGSS engineering design standards.

Table 5.2 Alignment of NGSS Engineering Design Standards with Engineering Epistemic Frame
NGSS
Standard
HS-ETS1-1.

Analyze a major global challenge to specify qualitative and quantitative
criteria and constraints for solutions that account for societal needs and
wants.

Engineering Epistemic Frame
Element
s.research

ETS1.A

Defining and Delimiting Engineering Problems

s.need

ETS1.B

Developing Possible Solutions

s.developsolution

ETS1.C

Optimizing the Design Solution

s.choosesolution, s.build, s.test,
s.redesign, s.problemsolving,
s.analyticalskills

HS-ETS1-2.

HS-ETS1-3.

HS-ETS1-4.

Design a solution to a complex real-world problem by breaking it down
into smaller, more manageable problems that can be solved through
engineering.
Evaluate a solution to a complex real-world problem based on prioritized
criteria and trade-offs that account for a range of constraints, including
cost, safety, reliability, and aesthetics as well as possible social, cultural,
and environmental impacts.
Use a computer simulation to model the impact of proposed solutions to
a complex real-world problem with numerous criteria and constraints
on interactions within and between systems relevant to the problem.

k.featuresimpact
e.cost, e.decision,
e.stakeholders, e.policy, e.law,
e.constraint
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Learning in situ
There is tremendous potential for Epistemic Network Analysis to measure
knowledge and learning in situ(M.-G. N. Svarovsky, 2009). In situ data seems to reveal
data where knowledge beyond content knowledge can be observed, such as epistemologies
and values, and this method can reveal information for teachers and researchers about what
learning takes place between traditional and performance assessments.
Potential in Studio Critique
Studio critiques are active spaces where students the engagement between students
reflects skills, knowledge, and practices that are less likely to be visible with other
assessment methods. “Here, the critiques are thought to serve two purposes; one is to
communicate with the individual student and live in his/her world, the other is to bring the
student face to face with others’ ideas to see each other’s worlds” (Uluoǧlu, 2000, p. 54).
When students have to explain and defend their ideas, they are required to reflect or
contribute individual knowledge in a group conversation and learning can take place.
The outcomes of studio critiques based on when they occur in a course differ.
Research shows that students participate differently in periodic critiques than final
critiques. “Group-form critiques, intermediate pinups, and seminar form critiques are seen
as very effective at engaging learners in a more generative and educational environment
than within a final review” (Hokanson, 2012, p. 77). Summative critiques were reflected
as less effective for learning experiences compared to interim studio critiques(Hokanson,
2012; Shaffer, 2003).

This means that for assessment purposes, incremental studio

critiques can shift the trajectory of a project and reveal different elements of the epistemic
frame when compared to final reviews as students participate in periodic reviews with a
formative lens and final reviews as summative. Based on the data that was collected for
this study, the first-round review should have held valuable information even though it
occurred at the end of the summer program.
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Potential in Brainstorming
The goal of brainstorming is to generate as many ideas for solutions as possible. Precepts
of brainstorming are no criticism, playing off other ideas is encouraged, quality is
prioritized over quantity, and “out of the box” ideas are encouraged(Lewis, Sadosky, &
Connolly, 1975). The brainstorming that occurred in this course was the traditional
unstructured form originating with Osborn(Gero, Jiang, & Williams, 2012; Osborn, 1963).
In a brainstorming session, the presumption was that students were expressing prior
knowledge in idea generation, debate would tap into prior knowledge, or students would
seek knowledge to make connections when there were gaps they needed to evaluate
solutions and make decisions. A student’s prior knowledge impacts their approach to a
problem, and their ability to progress toward a final product as they have to integrate new
knowledge to solve a problem (Bransford et al., 2000). The impact of prior design
knowledge on creativity and ideation has been researched (Goncher et al., 2009) in
freshman engineering students, but this project goal took a broader definition of knowledge
and highlighted high school students.

In the future, a more structured method for

brainstorming such as 6-3-5/C sketch (White, Wood, & Jensen, 2012) or TRIZ (Alʹtshuller
et al., 2001) might yield richer data for analysis.
Limitations of the Study
The limitations of the study should be made explicit, both to place in context the
result and set the stage for future research. One limitation of the study was that it was
conducted with one group of students who, although they had a common experience with
the curriculum of the college preparatory program, had different educational experiences
and at their respective high schools. The foundational courses they took in middle and
high school occurred in different sequences and with differently effective teachers, making
what previous knowledge they brought to the summer from the academic year quite
diverse. Another limitation of the study was that the brevity of the summer program made
it difficult to complete multiple iterations of a design prototype, so this research project
focuses on iteration cycle one a singular project out of three course projects. Analysis of
multiple cycles of iteration and multiple projects would have provided a larger set of
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interactions and perhaps revealed that students engaged differently in different groups or
on different projects. The informality of a summer session that is not a district-sponsored
mandated summer school also meant that students knew that course grades did not go back
to their school and understood repercussions for participation (or lack thereof) in class.
The usual consequences of school and failure were replaced with potential dismissal from
the program, but often dismissals were related to behavior rather than academic
performance. The data collected is also potentially a reflection of their intrinsic motivation
levels within the summer program or related to the subjects of math, science, or
engineering. Although one of the secondary motivations for the study was to investigate
the potential for this method to address bias, there was no way to quantify bias that might
have occurred or make comparisons to other assessment methods.
Impact of Data Collection on Results
There were many aspects of data collection and the research context that impacted
the results due to the data that was collected. The first factor influencing data collection
was the design of the research project using natural-ecological methods to capture natural
documentation behaviors of students. This meant that the research design was less scripted
and the data collected would not have the same internal consistency of more rigid research
designs. The fact that there were two sections of students allowed for differences to be
viewed between class sections, but it also added an additional layer of variability. The
second factor that impacted data collection was that all video clips of interactions were
recorded with a single video camera, eliminating the ability to capture multiple or
simultaneous interactions of multiple groups. Although all project groups were captured
where they presented their idea to the instructor and in the studio critique, this resulted in
an imbalance in the types of scenes captured for some groups. One group had more
brainstorming sessions captured than others because it was spontaneously recorded more
often. Some groups’ brainstorm sessions were not captured at all. A third factor that
influenced data collection was that students worked in groups and some artifacts that were
collected represented the group rather than the individual and in group interactions, some
students were more engaged and talkative than others. There was not an equal number of
utterances per student, but ENA accommodates for imbalances in the conversations with
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its equations. In future research, each group will have its own camera so there is not
competition for resources and we have the ability to take advantage of the time continuum
feature of ENA for trajectories.

A design approach other than the natural-ecological

approach will gather consistent and structured data. The data used in this research project
was from completely unstructured interactions in brainstorm sessions and studio critiques.
In future studies, I would increase the structure in the studio critiques to ensure the student
presentations were consistent, and I would consider changing the format of the brainstorm
sessions to be structured as opposed to the unstructured format of this project.
Finally, the data used to conduct this research project was data collected for another
project with a different purpose. The challenges to using previously collected qualitative
data such as methodological integrity (Foster, Hays, & Alter, 2013) and quality of research
exist. The process was an iterative and interpretive process(Johri, Johri, & Olds, 2013),
but there was not an opportunity to return to collect more data as the frame evolved.
Therefore, this engineering epistemic frame must be further tested. To fully investigate the
research question proposed and future questions, the data collected must extend beyond
one cycle of a design process or course, and this data had very finite boundaries that
occurred prior to development of the research question. I must acknowledge that the social
reality constructed had some ideal aspects of data collection such as rapport, but limitations
such as resources and time. Since the researcher was also the instructor as data was
collected although for different purposes, this poses a threat to validity theoretically,
procedurally, communication-wise, pragmatically, and ethically(Walther, Pawley, &
Sochacka, 2015; Walther & Sochacka, 2014; Walther, Sochacka, & Kellam, 2013). The
interpretations are informed by my background, experience, history with the participants,
and unconscious and conscious biases. Now that the quality of the research has been
qualified, these considerations lay the foundation for the design of the next phase of the
research.
Implications for Assessment
"Our evaluation procedures not only reflect but also define what we will pay
attention to and encourage” (Eisner, 2004, p. 57). If we are attempting to produce
students prepared to enter college in engineering programs with ways of knowing and
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engineering habits of mind, we must measure not only knowledge and identify skills, but
assessments must provide insight into values and epistemology of the engineering field so
that we might influence those areas of student development. If we value the processes of
brainstorming and the studio critique in design and engineering education, we have to
find ways to use those spaces to capitalize on assessment. Since assessment informs
teaching, the ways K-12 teachers teach engineering and design could evolve beyond what
they are currently.
Epistemic frame is a comprehensive approach to assessing students in K-12
engineering classrooms. However, if ENA is to be used for assessment, it must be
refined and packaged in a way that practitioners will be able to use it without taking up
the amount of time it requires for transcription, coding, and analysis.
Implications for K-12 Teachers
There are a few implications for teachers. First, unlike the university engineering
professors that teach and are academics or engineers who teach engineering (or the
professional designers who teach design) (N. Cross, 1982; Goldschmidt et al., 2014), many
K-12 teachers are not trained as engineers or designers, nor did they major or minor in
STEM fields in college, perhaps not even taking major coursework (Kuenzi, 2008;
National Research Council, 2002). Based on their lack of training and exposure, they may
not be aware of the values or epistemology of engineering. Those teachers must either be
trained to recognize values or epistemology of engineering or assessments must accomplish
this for them.
The interactions in these video clips range between the reception-transmission,
constructivist, and the co-constructivist models of teaching (Askew & Lodge, 2000). In
the reception-transmission model, the teacher is expert and gives information to a passive
student, much like Freire’s banking model (Paulo Freire, 1970; Paolo Freire, 2000). In the
constructivist model, the learner constructs knowledge through activities and knowledge is
related to life experiences. The co-constructivist model of teaching and learning involves
“reflective processes, critical investigation, analysis, interpretation, and reorganization of
knowledge”(Askew & Lodge, 2000, p. 11). The co-constructivist model is more likely to
be in out-of-school or informal settings than in traditional school settings and can be found
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in professional learning communities (Askew & Lodge, 2000). As a teacher with domain
knowledge, there were moments in the brainstorm sessions where I did provide new
information to students and teach, but there were many other moments where I allowed
students to construct knowledge or we co-constructed knowledge.

The goal of the

curriculum and course structure was to be a learning community. If we want teachers to
be able to create that type of community of practice and culture, the structure of traditional
school and assessment will have to shift from its current models and processes.
Second, teachers will have to create a culture within the classroom that does not
penalize students for their processes and celebrates communication and documentation
regarding them. Students often do not want teachers or professors to see unrefined stages
of their process, as evidenced by a student confession “I don’t really want him to see like
the messy bits where we are losing our minds [laughs] I want him to see like the pretty
version” (Colin M. Gray, 2013, p. 203). This behavior of students may develop over the
course of their K-12 career, and therefore be hard to counteract, but teachers will have to
incentivize this type of transparency and schools and school districts will have to support
teachers in how they. Third, teachers will have to deviate from the culture of individual
accomplishment within our classrooms and add an elemental idea of team between teachers
and students. Fourth, teachers will have to develop activities that allow students to express
the five elements of the epistemic frame when they design their courses. Teachers can use
critiques to build a narrative for students and a “working relationship” so that when they
assign grades the grades will not be based on performance on tests only(Ruchhoeft,
Bannerot, & Kastor, 2004a).
Implications for Students
If the epistemic frame were applied to assessing students, in a formative or
summative manner, more students would potentially have opportunities to demonstrate
success in the engineering frame. When epistemologies and values are celebrated and
acknowledged in addition to skills and knowledge, students have more opportunities to
practice and develop those skills and their identity as designers or engineers may develop.
If students were introduced to the engineering epistemic frame as a lens for assessment,
sharing their epistemic networks might help develop their epistemological identity and
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encourage them to celebrate successes in the various parts of the epistemic frame. They
might also be motivated to express or grow in weaker aspects of the epistemic frame. The
trajectory feature of ENA might develop metacognitive skills because students could see
how their models evolve over time.

If students feel more success as they practice

engineering, they may retain interest and pursue engineering careers.
Implications for Engineering Education Researchers
The epistemic frame is a useful lens for analyzing design or engineering course
effectiveness. Epistemic Network Analysis is an effective method for quantifying features
of qualitative interactions. In previous work, Shaffer and Svarovsky designed epistemic
games that were immersive, technology-supported learning environments with which they
could see the impact of particular structures or were focused on a specific demographic
such as middle school girls. This work models an environment like many traditional and
informal spaces where students might participate in engineering and design experiences
where there is access to technology, but the actual experience is not embedded in a game
or simulation. This research project developed and applied an epistemic frame that
evaluated a very specific extensive set of epistemic sub-codes which linked local standards
with broader national goals, and tested the ways that an engineering epistemic frame might
be malleable enough to cross contexts. With refinement and more research, this epistemic
frame may be useful for assessments by teachers in formal classrooms.
Engineering education researchers will have to find a way to translate this lens and
method to practitioners so that they can be used effectively. Teachers do not have the
luxury of the time it takes to watch videos and code data to assess students. Epistemic
Network Analysis is not currently a functional method for classroom teachers. The
identity, values, and epistemology elements of the epistemic frame could actually be
isolated and researchers and develop tools that feed into the epistemic frame.
Future Directions for Research
This project has revealed many directions for future research. Upon reflection, this
research project could be repeated with a few changes. First, multiple cameras should be
used to capture each group equally. Second, the span of the research project should be
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long enough to allow multiple studio critiques and prototypes of one problem solution or
long enough for multiple projects to reach an optimized solution after multiple iterations.
A tangent of the project would be to compare the studio critiques over time to show
trajectories of specific elements of the epistemic frame.
Beyond replicating this research, other pathways for investigation exist as well.
Teaching models (reception-transmission, constructivist, co-constructivist) can be
compared to see which models are most effective for students to grow in an engineering
epistemic frame. The culture of informal versus formal educational spaces and how the
epistemic frame can be used for assessment would also be a worthwhile endeavor to pursue.
An investigation of why certain elements of the epistemic frame co-exist in a brainstorm
session, prototyping session, or studio critique would be an avenue to address connected
knowing. Based on the artifacts, a hypothesis about how motivation impacts deliverables
in an informal educational space can also be investigated.
Conclusion
From this study, we learned that epistemic frame is a promising lens and Epistemic
Network Analysis is a promising method for assessing student knowledge

and

understanding of engineering and design of high school students. ENA reveals differences
between class sections, project groups, and individual students and provides a way to view
student strengths and weaknesses beyond skills and content knowledge. The study has
brought to light the necessity for teacher professional development as it highlights skills,
knowledge, identity, values, and epistemologies of engineering of which K-12 teachers
might not have depth of understanding. The landscape for future research is broad, ranging
from finding ways to make ENA an efficient method for practitioners and classroom
teachers to investigating motivation to narrowing down the way engineers, educators, and
researchers define some of the values and epistemologies of the discipline.
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APPENDIX A. MASSACHUSETTS SCIENCE AND ENGINEERING
FRAMEWORKS

2. Engineering Design
Central Concept: Engineering design is an iterative process that involves modeling and
optimizing to develop technological solutions to problems within given constraints.
2.1 Identify and explain the steps of the engineering design process, i.e., identify the need
or problem, research the problem, develop possible solutions, select the best possible
solution(s), construct a prototype, test and evaluate, communicate the solution(s), and
redesign.
2.2 Demonstrate methods of representing solutions to a design problem, e.g., sketches,
orthographic projections, multiview drawings.
2.3 Describe and explain the purpose of a given prototype.
2.4 Identify appropriate materials, tools, and machines needed to construct a prototype of
a given engineering design.
2.5 Explain how such design features as size, shape, weight, function, and cost limitations
would affect the construction of a given prototype. (Massachusetts Department of
Education, 2006, p. 87)
5. Construction Technologies
5.2 Identify and describe three major types of bridges (e.g., arch, beam, and suspension)
and their appropriate uses (e.g., site, span, resources, and load)Design and construct a
bridge following specified design criteria (e.g., size, materials used). Test the design
for durability and structural stability. (5.3) ING
5.3 Explain how the forces of tension, compression, torsion, bending, and shear affect the
performance of bridges.
5.4 Describe and explain the effects of loads and structural shapes on bridges.
(Massachusetts Department of Education, 2006, pp. 88-89)
7. Bioengineering Technologies
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Central Concept: Bioengineering technologies explore the production of mechanical
devices, products, biological substances, and organisms to improve health and/or
contribute improvements to our daily lives.
7.1 Explain examples of adaptive or assistive devices, e.g., prosthetic devices,
wheelchairs, eyeglasses, grab bars, hearing aids, lifts, braces.
7.2 Describe and explain adaptive and assistive bioengineered products, e.g., food, biofuels, irradiation, integrated pest management.
Brainstorm and evaluate alternative ideas for an adaptive device that will make life easier
for a person with a disability, such as a device that picks up objects from the floor.
(7.1) (Massachusetts Department of Education, 2006, pp. 88-89)
Additional frameworks
2.2 Distinguish among tension, compression, shear, and torsion, and explain how they
relate to the selection of materials in structures. (pg 92)
5.1

Explain how to measure and calculate voltage, current, resistance, and power
consumption in a series circuit and in a parallel circuit. Identify the instruments used
to measure voltage, current, power consumption, and resistance.

5.3 Explain the relationships among voltage, current, and resistance in a simple circuit,
using Ohm’s law.
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APPENDIX B. ENGINEER OF 2020 ATTRIBUTES AND PURDUE
ENGINEER OF 2020 ATTRIBUTES

https://engineering.purdue.edu/Engr/Academics/Engineer2020
Abilities
• leadership
• teamwork
• communication
• decision-making
• recognize & manage change
• work effectively in diverse & multicultural environments
• work effectively in the global engineering profession
• synthesize engineering, business, and societal perspectives

Knowledge Areas
• science & math
• engineering fundamentals
• analytical skills
• open-ended design & problem solving skills
• multidisciplinarity within and beyond engineering
• integration of analytical, problem solving, and design skills

Qualities
• innovative
• strong work ethic
• ethically responsible in a global, social, intellectual, and technological context
• adaptable in a changing environment
• entrepreneurial and intrapreneurial
• curious and persistent continuous learners
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APPENDIX C. ABET CRITERIA

https://www.iwebfolio.com/downloads/5xt6GSNTflk/abeta-k.pdf?id=5xt6GSNTflk
ABET (A-K)
Criterion 3. Program Outcomes and Assessment
Engineering programs must demonstrate that their graduates have:
(a) an ability to apply knowledge of mathematics, science, and engineering
(b) an ability to design and conduct experiments, as well as to analyze and interpret data
(c) an ability to design a system, component, or process to meet desired needs
(d) an ability to function on multi-disciplinary teams
(e) an ability to identify, formulate, and solve engineering problems
(f) an understanding of professional and ethical responsibility
(g) an ability to communicate effectively
(h) the broad education necessary to understand the impact of engineering solutions in a
global and societal context
(i) a recognition of the need for, and an ability to engage in life-long learning
(j) a knowledge of contemporary issues
(k) an ability to use the techniques, skills, and modern engineering tools necessary for
engineering practice.
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APPENDIX D. IRB FORMS

INFORMATION SHEET

For IRB Office Use Only
High School Designers: Solution, Reflection,
and Communication Strategies
Principal Investigator: Dr. Monica Cardella
Purdue University
School of Engineering Education
Purpose of Research
The primary goal of this research is to examine knowledge of design processes in
high school students as they apply science and engineering concepts to solve problems and
validate a survey. More specifically, we want to understand what students know about the
design process based on their state standards. Secondly, we want to investigate how
student reflective processes change over the course of a class. The third goal is to learn
how the integration of engineering impacts student learning of science, technology,
engineering, and math content. Depending on what we find, we might use the information
we learn to help train teachers for similar classroom activities.
Specific Procedures
Like all students in your child’s class, your child will complete two online
assessments, one at the beginning and one at the end of the summer. They will have class
work and homework assignments. They will have weekly quizzes and a final exam to
evaluate what vocabulary and engineering concepts they learn. They will keep journals
where they record their design solutions and conceptual notes. They will take pictures of
their projects at each stage of the design, record work sessions on video camera, and do
written or video reflections at the end of each class. If your child participates in the study,
your child’s online survey answers, design notebooks, class work, homework, quizzes, and
reflections will be collected for data analysis. The data analysis will be conducted after the
summer session has concluded, and the data collected will be used in the research and
dissemination process. If the research team uses any video data for presentations, your
child’s voice or face might be visible (but blurred or blacked out) to professional researchers
or educators but their name or personal information will never be revealed. You understand
that you have the right to review the research procedures or instruments before giving
permission for your child to participate in the study.
Duration of Participation

July 2011

Risks
The risks to your child are minimal. There is no risk of breach of
confidentiality. However, safeguards are in place to minimize the risk of breach of
confidentiality, as outlined in the Confidentiality section.
Benefits

There are no direct benefits to your child.
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Compensation

There will be no compensation for your child’s participation.

Confidentiality The project’s research records may be reviewed by departments at
Purdue University responsible for regulatory and research oversight. All data will be either
stored in a secure drawer or cabinet in the office of the lead researcher at Purdue University
or on a designated computer server with login and password protection. All names and
identifiers will be removed from data prior to any data prior to and data analysis.
Unauthorized personnel will not have access to the data. Materials from this research may
be used by the researchers in presentation at professional conferences, published research
articles, and teacher professional development.
Voluntary Nature of Participation
Your child does not have to participate in this
research project. If your child does not want to participate in the videotaping, then your
child will be assigned to a group with other students who do not want to be videotaped on
a non-taping side of the classroom. If you agree for your child to participate, you can
withdraw your child’s participation at any time without penalty. In addition, your child
can withdraw his or her participation at any time. You or your child’s decision to
participate – or not participate – will in no way affect your child’s grade or program
evaluation.
Contact Information: If you have any questions about this research project, you
can contact Monica Cardella at (765)496-1206 or Tamecia Jones (first point of contact) in
the School of Engineering Education at Purdue University (765-426-1091). If you have
concerns about the treatment of research participants, you can contact the Institutional
Review Board at Purdue University, Ernest C. Young Hall, Room 1032, 155 S. Grant St.,
West Lafayette, IN 47907-2114. The phone number for the Board is (765) 494-5942. The
email address is irb@purdue.edu.
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STUDENT CONSENT
Project Title: High School Designers:
Communication Strategies

Solution, Reflection, and

Investigator: Dr. Monica Cardella
We are doing a research study. We want to find out what you know about the
design process and how you reflect as you try to solve problems. We also want to know
what you have learned over the summer in science and engineering. This information will
help us train teachers to teach engineering, create new ways to find out what students know,
and try ideas for new curriculum.
You can be in this study if you want to. If you are in this study, you might learn
about engineering and you will be able to do projects. If you want to be in the study, you
will be giving permission for your work to be reviewed and analyzed. Your work will not
be any different than any of your classmates. You will be using a design notebook to record
ideas and pictures of your work. You will take pictures and fill our questions for the
pictures. Sometimes you will be recording what you and your classmates are doing while
working on a project. Other times you will be doing video reflections about what happened
that day in class. All of the activities that you participate in class will be used to try to
answer our questions. We might also find out things that will help other children some
day.
The first question is how you reflect on what you learned or decided when solving
a problem. Your design journal, notes, and videos will be reviewed by our team. The
second question is about what you learned in science and engineering this summer. We
will look at the quizzes and final exam answers.
If you decide to participate in the study, we will make copies of your work and
watch videos of the class, but we will not use your name in any of our reports. If the
research team uses any video data for presentations, your voice or face (which will be
blurred or blacked out) might be visible to professional researchers or educators but your
name or personal information will never be revealed. The only person who will know your
name is the lead researcher. Participation will not impact your grades just as not
participating will not impact your grades.
You do not have to be in the study. You can say “no” and nothing bad will happen.
If you say “yes” now, but you want to stop later, that is fine. There will be no punishment,
and you will not be treated differently in class.
If you will allow video that you might be in to be shown, please sign your name.
I, _________________________________, want to be in the study.
(Name)
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STUDENT ASSENT
Project Title: High School Designers:
Communication Strategies

Solution, Reflection, and

Investigator: Dr. Monica Cardella
We are doing a research study. We want to find out what you know about the
design process and how you reflect as you try to solve problems. We also want to know
what you have learned over the summer in science and engineering. This information will
help us train teachers to teach engineering, create new ways to find out what students know,
and try ideas for new curriculum.
You can be in this study if you want to. If you are in this study, you might learn
about engineering and you will be able to do projects. If you want to be in the study, you
will be giving permission for your work to be reviewed and analyzed. Your work will not
be any different than any of your classmates. You will be using a design notebook to record
ideas and pictures of your work. You will take pictures and fill our questions for the
pictures. Sometimes you will be recording what you and your classmates are doing while
working on a project. Other times you will be doing video reflections about what happened
that day in class. All of the activities that you participate in class will be used to try to
answer our questions. We might also find out things that will help other children some
day.
The first question is how you reflect on what you learned or decided when solving
a problem. Your design journal, notes, and videos will be reviewed by our team. The
second question is about what you learned in science and engineering this summer. We
will look at the quizzes and final exam answers.
If you decide to participate in the study, we will make copies of your work and
watch videos of the class, but we will not use your name in any of our reports. If the
research team uses any video data for presentations, your voice or face (which will be
blurred or blacked out) might be visible to professional researchers or educators but your
name or personal information will never be revealed. The only person who will know your
name is the lead researcher. Participation will not impact your grades just as not
participating will not impact your grades.
You do not have to be in the study. You can say “no” and nothing bad will happen.
If you say “yes” now, but you want to stop later, that is fine. There will be no punishment,
and you will not be treated differently in class.
If you will allow video that you might be in to be shown, please sign your name.
I, _________________________________, want to be in the study.
(Name)
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For IRB Office Use Only
PARENT CONSENT FORM
High School Designers: Solution, Reflection,
and Communication Strategies
Principal Investigator: Dr. Monica Cardella
Purdue University
School of Engineering Education
Purpose of Research
The primary goal of this research is to examine knowledge of design processes in
high school students as they apply science and engineering concepts to solve problems and
validate a survey. More specifically, we want to understand what students know about the
design process based on their state standards. Secondly, we want to investigate how
student reflective processes change over the course of a class. The third goal is to learn
how the integration of engineering impacts student learning of science, technology,
engineering, and math content. Depending on what we find, we might use the information
we learn to help train teachers for similar classroom activities.
Specific Procedures
Like all students in your child’s class, your child will complete two online
assessments, one at the beginning and one at the end of the summer. They will have class
work and homework assignments. They will have weekly quizzes and a final exam to
evaluate what vocabulary and engineering concepts they learn. They will keep journals
where they record their design solutions and conceptual notes. They will take pictures of
their projects at each stage of the design, record work sessions on video camera, and do
written or video reflections at the end of each class. If your child participates in the study,
your child’s online survey answers, design notebooks, class work, homework, quizzes, and
reflections will be collected for data analysis. The data analysis will be conducted after the
summer session has concluded, and the data collected will be used in the research and
dissemination process. If the research team uses any video data or photographs in
presentations to professional researchers or educators, and your child’s voice or face might
be heard or visible, we confirm that your child’s face will be blurred or blacked out and
his/her voice masked. His/her name or personal information will never be revealed. You
understand that you have the right to review the research procedures or instruments before
giving permission for your child to participate in the study.
Duration of Participation

July 2011

Risks
The risks to your child are minimal. There is no risk of breach of
confidentiality. However, safeguards are in place to minimize the risk of breach of
confidentiality, as outlined in the Confidentiality section.
Benefits

There are no direct benefits to your child.

Compensation

There will be no compensation for your child’s participation.
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Confidentiality The project’s research records may be reviewed by departments at
Purdue University responsible for regulatory and research oversight. All data will be either
stored in a secure drawer or cabinet in the office of the lead researcher at Purdue University
or on a designated computer server with login and password protection. All names and
identifiers will be removed from data prior to any data analysis. Unauthorized personnel
will not have access to the data. Materials from this research may be used by the
researchers in presentation at professional conferences, published research articles, and
teacher professional development.
Voluntary Nature of Participation
Your child does not have to
participate in this research project. If your child does not want to participate in the
videotaping, then your child will be assigned to a group with other students who do not
want to be videotaped on a non-taping side of the classroom. If you agree for your child
to participate, you can withdraw your child’s participation at any time without penalty. In
addition, your child can withdraw his or her participation at any time. You or your child’s
decision to participate – or not participate – will in no way affect your child’s grade or
program evaluation.
Contact Information:If you have any questions about this research project, you can
contact Monica Cardella at (765)496-1206 or Tamecia Jones (first point of contact) in the
School of Engineering Education at Purdue University (765-426-1091). If you have
concerns about the treatment of research participants, you can contact the Institutional
Review Board at Purdue University, Ernest C. Young Hall, Room 1032, 155 S. Grant St.,
West Lafayette, IN 47907-2114. The phone number for the Board is (765) 494-5942. The
email address is irb@purdue.edu.

I give consent for video including my child’s protected likeness to be used in
research or presentations.

__________________________________________
_________________________
Parent or Guardian’s Signature

Date

__________________________________________
Participant’s Name
__________________________________________
___________________________
Researcher’s Signature

Date
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APPENDIX E. ENGINEERING AND APPLIED SCIENCE
SYLLABUS

Instructor:

Tamecia R. Jones

msjonesm dscientist@gm il.com

skype: tameciajones

Textbooks (as needed):
Physics: Conceptual Physics by Paul Hewitt (Pearson/Prentice Hall)
Chemistry: Chemistry (Pearson/Prentice Hall)
Biology: Modern Biology 2006/2009 (Holt)

Purpose:
Students will see the potential for solutions to problems in everyday life and have the
ability to research and apply scientific and engineering concepts to improve the quality of
life for people.

Goals:
(1) solve problems using previously learned and newly acquired scientific concepts
(2) communicate their decision-making process and provide documentation.

At the end of the course, students will be able to:
(1) identify scientific knowledge needed to solve everyday problems,
(2) apply knowledge to create solutions through the design process, and
(3) analyze and test solutions and make recommendations using data

Grading
Participation— (20%) Contributions to class discussions and group work will be graded.
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Journal/Notes— (30%) Notes and Science journals will be graded for organization,
written expression of the student’s thinking process, and completeness of solution. A
rubric will be given to the students.
Homework—(10%) Homework will be given and should be turned in following the HW
format guidelines and on time.
Quizzes— (20%) Quizzes in the course will be open and closed notes, and some will be
in partners.
Tests/Projects—(30%) Tests and projects will be graded for group and individual
contributions.

Make-up Policy
Quizzes and tests can be made up as long as it is done within 3 days of the absence. Missed
or late homework will be graded, but may not receive full credit.

Extra Credit
Students will have opportunities to receive extra credit. Extra credit will not be taken in
exchange for work, but can be used to replace non-satisfactory items or bolster grades at
the end of the marking period.

Schedule (may be revised at the teacher’s discretion)

Week Theme
1

Design/
Civil Engineering

2

and Construction
Energy and Power

3
4

Technologies

Monday Tuesday Wednesday Thursday
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APPENDIX F. LESSON PLAN RESOURCES FOR CURRICULUM

WEEK 1: Umbrella Design
Website Resources
Story

Article

for

anticipatory

set:

Wall

Street

Journal

(http://online.wsj.com/article/SB100014240527487049120045752521938118416
62.html)
Umbrella Design (http://sci.rutgers.edu/forum/showthread.php?t=96111)
MIT

Fluid

Mechanics

(http://web.mit.edu/16.unified/www/FALL/fluids/index.html)
Beginner’s

Guide

to

Aerodynamics

(http://www.grc.nasa.gov/WWW/K-

12/airplane/bga.html)
Blunt

Umbrella

(http://designdroplets.com/designer-qa/greig-brebner-blunt-

umbrella-2/)
Senz Umbrella (http://www.senzumbrellas.com/shop/home.php)
Spaghetti Bridge

WEEK 2: Civil Engineering
Website links
Tacoma Narrows Bridge (http://www.youtube.com/watch?v=3mclp9QmCGs)
Model Bridge Design (http://www.garrettsbridges.com/design/theforces/)
PBS Bridge Forces
(http://www.pbs.org/wgbh/buildingbig/lab/forces.html)
Forces on Bridges Math Model
(http://mvhs.shodor.org/mvhsproj/bridges/bridge2.html)
JHU Bridge Designer (http://www.jhu.edu/virtlab/bridge/bridge.htm)
Toothpick Bridge Construction
(http://www.pisymphony.com/toothpick/toothpick1.htm)
Truss Design (http://mysite.du.edu/~jcalvert/tech/machines/bridges.htm)
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Truss Bridge Analysis:

B
162

Image

50 lbs.

Figure 5-2 http://www.pisymphony.com/toothpick/TRUSS/truss.html
Monday:
Tacoma Narrows Bridge Video
Bridge Forces (compression, tension, shear, torsion)
Truss Bridge Mathematical Model
Review and connect to velocity vectors and right triangle geometry.
Tuesday:
Continue analysis of forces on truss joints
Spaghetti test

WEEK 3: Electrical Engineering
Day 1 Tuesday, July 19, 2011
Brainheaters
Design Process handout)
(
Brainstorm Ideas
Circuits (T-chart informal assessment)
Definitions
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Ohm’s Law
Kirchoff’s Law – (www.reseeds.com/kirchhoff.pdf)

Homework:
1 page proposal for a problem where the group completes step 1, 2, and 3 of the
Design Process from Mass DOE.

Day 2 – Wednesday, July 20, 2011
Ohm’s Law
Resources
http://www.facstaff.bucknell.edu/mastascu/elessonshtml/Basic/Basic2i.html
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=dce11904
Worksheet sources
(webs.rps205.com/.../files/B2B9F229ED434DB5960918CCFD60CC70.pdf)
www.rtc.edu/cce/Resources/Products/.../files/5_LPElect&OhmsLaw5.pdf
www.mandan.k12.nd.us/.../files/.../Worksheet%20on%20Ohms%20Law.pd...

Series and Parallel Circuits
Resources
http://physics.bu.edu/py106/notes/Circuits.html
Day 3 – Thursday, July 21, 2011
Storyboard

http://www.ladyada.net/learn/sensors/pir.html

http://www.play-hookey.com/digital/experiments/seven_seg_led.html
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APPENDIX G. NEXT GENERATION SCIENCE STANDARDS
SCIENCE AND ENGINEERING PRACTICES

Asking questions (for science) and defining problems (for engineering)
Developing and using models
Planning and carrying out investigations
Analyzing and interpreting data
Using mathematics and computational thinking
Constructing explanations (for science) and designing solutions (for engineering)
Engaging in argument from evidence
Obtaining, evaluating, and communicating information
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APPENDIX H. NEXT GENERATION SCIENCE STANDARDS HIGH
SCHOOL DESIGN STANDARDS

Students who demonstrate understanding can:
HS-

Analyze a major global challenge to specify qualitative and quantitative

ETS1-1.

criteria and constraints for solutions that account for societal needs and wants.
ETS1.A Defining and Delimiting Engineering Problems
ETS1.B Developing Possible Solutions
ETS1.C Optimizing the Design Solution

HS-

Design a solution to a complex real-world problem by breaking it down into

ETS1-2.

smaller, more manageable problems that can be solved through engineering.

HS-

Evaluate a solution to a complex real-world problem based on prioritized

ETS1-3.

criteria and trade-offs that account for a range of constraints, including cost,
safety, reliability, and aesthetics as well as possible social, cultural, and
environmental impacts.

HS-

Use a computer simulation to model the impact of proposed solutions to a

ETS1-4.

complex real-world problem with numerous criteria and constraints
on interactions within and between systems relevant to the problem.
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APPENDIX I. PROJECT SUMMARIES

GPS Walking Stick
Leilani and Quincy have designed a walking stick for a blind person with GPS
functionality that will help them get around by giving them walking directions and
protecting them from highways and automobiles. Although at the studio critique their
prototype was not height adjustable, their plan is that the final prototype would be height
adjustable. Their prototype is made from foam core.

Figure 5-3 GPS Walking Stick
Figure 5-4 GPS Walking Stick

Mechanical Leg/Crutch
Melanie and Uriel aspired to create a hands-free crutch whose initial goal would
replicate the leg mechanically in its contraction and flexion of muscles in the upper leg. In
their studio critique presentation, they presented a crutch that would create stability and
elevate the leg so no force was applied to it below the knee. Their prototype was made of
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foam core and cardboard. Its future prototype had optional features such as a waist belt
and shoulder harness.

Figure 5-6 Mechanical Crutch
(Top View)

Figure 5-5 Mechanical Crutch

Neck-Ma for Asthmatic Athletes
Simone and Rae decided to create a piece of jewelry that would serve as an
asthmatic crisis rescue device by combining the familiar asthma rescue inhaler with a
necklace that would be as cosmetic as it would be functional. It had two buttons that
represented levels of medication that could be dispensed. It was made of foam core, beads,
and fishing twine.
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Figure 5-7 NeckMa Asthma Dispenser (Left)
Figure 5-8 NeckMa Asthma Dispenser (Right)

Rechargeable Wristband for Deaf
Paola, Tiaje, and Victoria brainstormed a device that would support deaf residents
in their home by allowing them to wear a device that was programmed to alert them to
certain functions happening inside the house. It would be rechargeable and waterproof and
its parts would worn on the wrist and ankle. Their prototype was made of foam core, but
it had an electric circuit that imitated vibrating when triggered.

Figure 5-9 Top view of the Rechargeable Wrist/Ankle
Band

Figure 5-10 Back view of Rechargeable Wrist/Ankle Band
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Figure 5-11 Side view of Rechargeable Wrist/Ankle Band

ClimateCast
Noah and Optimus brainstormed a cast that would have cooling and heating
functions so that injured limbs would be more comfortable. They did not present in the
studio critique session because they did not have a physical prototype by the end of the
summer.

Toy Bear for Blind Kids
Fabienne and Elan created a prototype representing a toy for blind children to play
with that would give them companionship and have features such as braille buttons for
commands. It was made of foam core and had an interface drawn on its surface, but did
not have any functioning electrical parts.
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Figure 5-12 Blind Bear

Figure 5-13 Blind Bear
(Top View)
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Aromatic Relaxing Bracelet for ADD Sufferers
Breilyn and Inti brainstormed a bracelet that would use aromatherapy to settle down
kids with attention deficit disorders. The child would wear the bracelet and when they felt
that they were overstimulated or distracted, they could push the button for a spray of
lavender into the surrounding air. It was made of foam core and had fake buttons.

Figure 5-14 Aromatic Bracelet button view

Figure 5-15 Aromatic Bracelet clasp view
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Kendle of Calories to fight Obesity
Caitlyn, Kingston, and Honoré designed a tablet modeled after the Amazon Kindle
that would help patients dedicated to losing weight track meals and calories. Doctors
would program the device and the device contains a library of foods, portions, and calories
assignments that would direct patients on meals and an eating schedule. Their device was
made of foam core and had an interface drawn on its face.
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Figure 5-16 Kendle of Calories
Figure 5-17 Kendle of Calories (Right, Side view)

Smart Pill Container
Darren designed a device that would help Alzheimer’s patients remember their
medications. The device would vibrate, light up, talk, and have a LED screen. It would
also have compartments to organize medications for various additional conditions so that
patients could not overdose.

155

(a)

C)

0

0

~ ~,\\: ---~- 
-)>

(b)

156

(c)
Figure 5-18 Smart Pill Container (a) Top (b) Side (c) Inside
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Seeing with Ears Metro Support Device
Gavin and Joaquim brainstormed a device that would help blind users of public
transportation, specifically the city bus. It is a system of devices that included outfitting
bus stops with interfaces to communicate with bus drivers. The devices had braille buttons
that helped identify the bus and transmitters and receivers between buses and bus stops so
users could choose which bus they needed, signal it, and the bus driver would receive a
signal at the bus so they could stop for the blind passengers.

Figure 5-19 Seeing with Ears Bus Stop Sign with Braille
Figure 5-20 Seeing with Ears “Bus”
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APPENDIX J. ACKNOWLEDGEMENT OF EPISTEMIC GAMES
GROUP IN THE USE OF EPISTEMIC NETWORK ANALYSIS

Epistemic Network Analysis was conducted using software at www.epistemicnetwork.org,
created by the Epistemic Games Group. That work was funded in part by the National
Science Foundation (DRL-0918409, DRL-0946372, DRL-1247262, DRL-1418288, DRL1661036, DRL-1713110, DUE-0919347, DUE-1225885, EEC-1232656, EEC-1340402,
REC-0347000), the MacArthur Foundation, the Spencer Foundation, the Wisconsin
Alumni Research Foundation, and the Office of the Vice Chancellor for Research and
Graduate Education at the University of Wisconsin-Madison. The opinions, findings, and
conclusions do not reflect the views of the funding agencies, cooperating institutions, or
other individuals.
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Education
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Boston University, School of Theology, Boston, MA
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Stanford University, Graduate School of Education, Palo Alto, CA
2004
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Instructor & Curriculum Developer
7/2014
STEAMSKOPE, Purdue University
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Instructor & Curriculum Developer
7/2008-8/2011
Upward Bound, Wheelock College
Developed curriculum and taught 9th to 12th grade students the following summer courses:
Applied Science and Engineering, Pre-calculus, Calculus, Biology, Chemistry, Physics,
and Earth Science
Educational Program Consultant
9/2008 –
6/2010
Sportsmen’s Tennis & Enrichment Club
Developed the educational offerings for a community tennis club, offering grant-writing
support, curriculum design, teaching, and marketing support. Initiated Secrets of Science
at Sportsmen’s (S3) - An afterschool STEM programming and homework assistance
program for middle school students. Initiated All Children Excel (ACE) – A Saturday
literacy and mathematics programming for primary students
Teacher, Young Achievers Science and Mathematics Pilot School
9/2005-6/2007
Boston Public Schools
Taught 7th and 8th grade math and science, developed curriculum, designed assessments,
initiated and coached the robotics club with Machine Science, supervised individual 8th
grade math and science graduation portfolio projects
Saturday Course Teacher, Milton Academy
Spring 2005
Taught physics, probability, and statistics to 4th through 8th grade students using hands-on
activities and experiments
Math/Science Teacher, Uphams Corner Charter School
8/2004 –
7/2005
Developed integrated math/science curriculum for 5th/6th mixed grade based on
Massachusetts frameworks, delivered instruction influenced by Socratic philosophy,

3
revised school master schedule, initiated and supervised engineering club, evaluated
students based on benchmarks and Individualized Education Plans,
Instructor/Curriculum Designer, Galileo Educational Services
6/2004 –
8/2004
Developed curriculum and taught Roller Coaster Physics and Action Contraption courses
for summer camps at The Tech Museum of Innovation, managed teaching assistants
MD Functional Math Tutor, Baltimore City Public Schools System
2/2002 –
6/2003
Taught algebraic concepts to high school students in an intervention program to assist high
school students pass the state math proficiency exam
Founding Director/Instructor

2/2002 – 7/2002
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Publications
Full articles in refereed publications
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Jones, Tamecia R., William Oakes, Jean Trusedell, and Monica E.
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London, Jeremi, Joi-Lynn Mondisa, Farrah Fayyah and Tamecia R. Jones
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Study” Paper presented at the Proceedings of the 2015 American Society for
Engineering Education Annual Conference & Exposition, Seattle, WA. June 2015.
4.
Dorie, Brianna. L., Meagan C. Pollock, Tamecia R Jones and Monica E.
Cardella “Parents as Critical Influence: Insights from five different studies (Other)”
Paper presented at the 2014 ASEE Annual Conference and Exposition, Seattle,
WA. June 2014.
5.
Cardella, Monica E., Marisa Wolsky, Christine A. Paulsen and Tamecia R
Jones “Informal Pathways to Engineering: Preliminary Findings” Proceedings of
the American Society for Engineering Education Annual Conference & Exposition,
Indianapolis, IN. June 2014.
6.
Atwater, Mary, Malcolm Butler, Salina Gray, Tonjua B Freeman,
Geraldine Cochran, Ashraf Shady, Vanashri Nargund-Joshi, Tamecia R Jones, Line
Augustin Saint-Hilaire, and Gillian U Bayne “Impact: Mini-Symposium Powerful
Synergy Black Scholars in Science Education for the 21st Century in the United
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